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AN INQUIRY 

INTO THE 

ETIOLOGY AND PATHOLOGY 
OF BF.RT-RF.RI 



ERRATA. 

For "May" of the title page ttad "August." 

This change of date is calied for because . I found it coiwenient 
and necessary to include Ohservation No. 2 (page 70) in this Study. 
That observation was not concluded until August and was to have 
been part of a tollowing Study from the Institute. 

Contents sheet, line 50. For "Beri-heri Residual Paralysis" 
read " Beri-beric Residual Paralysis." 

The Scale of Diagram^ 1 and 2 should ba, approximately, 68 
feet to 1 inch. 

Page 39, foot-note. For "from its opening" read "froin the 
beginning of the outbreak of beri-beri." 

Para. 123. For " Decan " rtatt " Deccan " 
,, 151. ,, " topdresses his vegetables " read " topdress 
their vegetables" 
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AN INQUIRY 

INTO THE 

ETIOLOGY AND PATHOLOGY 
OF BERI-BERI 

HAMILTON WRIGHT, M. D. (McGlll), 
DtrcctoT o/tlic Dcparlmcnt for MediCtil Rtscarch, Fttkttitcd Mtiiay Sttitcs 

Probably there is no disease whose etiology is so much a niatter of 
speculation as that of beri-beri. Certainly tbere is no disease whose 
literature when read leaves one in so great a state of mental confusion. 

Nitrogen starvation, pernicious anasmia, infected fish and raw 
fish diet ; arsenical, carbon dio\ide and miasmatic intoxication ; haclerial 
Lnd plasmodic infection are amongst tlie many direct causes put forward to 
account for it. They are largely speculative or founded on supcrricial or one- 
sided observations. No one of them is generally accepted. Mauy of them 
may and ought to be excluded as chief pathogenic factors. 

lere is no better field than the Malay Peninsula in which to 
investigate this disease. In it are gathered together members of nearly all 
Oriental peoples affected by the dtsorder. Tamils and Telegues irom the 
Malabar and Coromandel coasts and from the Central Provinces : Bengalis 
and Sikhs ; Singhalese, Javanese, Eoyanese, Kilipinos; hordes of Chinese 
from Hunan and other parts of southern China. besides many Straits-born ; 
a few Japanese, and last, but hy no means of Ieast importance, llie native 
and immigrant Malays. 

4. An investigator with such various human material al hand is 
inclined on a first view to congratulate himself. For he may obserro large 
numbers of severa! Oriental peoples under practicaliy uniform climatic and 
telJuric coaditions, and can readily compare their different social. hygienic 
and dietetic habits. 

5. When it is seen that one alone of these several peopleshn nishes the 
great majority of cases of beri-beri, while ranking only second in □ umbers, it 
is but natural to feel that by a simple process of comparison aml exclusion 
the causative factor of beri-beri may be readily determined. 






( ' ) 

6. But one is qviickly disillusionised afier even casual observation of 
the diiTerences between the various peoples here who, In larger or smaller 
nurnbers, contract beri-beri. 

7. For instance, arsenical poisoning has its advocates (Ross) as being 
the cause of beri-beri. In the Peninsula the Chinese are almost the sole 
workers in the tin mines ; the latter contain arsenic in varying quantkies. 
The Chinese furnish the vast majority of those who suffer from beii-beii. 

8. On the other hand, the Tamils resident in the Peninsula rarely work 
in the tin mines, are not in contact with arsenic, except slightly, and rarely 
contract beri-beri. 

9. Yet in this dilTerence in the environment of the Chinese and Tamils 
the causative factor of beri-heri is not to he found. For arsenic can be easily 
and wholiy escluded as an agent in the development of the disease. 

10. Other instances will be pointed out later. And I think that in the 
secjuel it will be seen that not in the ohvious differences in the habits of work 
or diet of the \arious Orientnls in the Malay Peninsula are to he found the 
direct and indirect causes of beri-beri, but in some factor outside ihese 
wbich may becoine common to all of them. 

11. The following accoimt and observations are a geographic study of 
the etiology of heri-beri. Before the data that I have gathered can be fairly 
discussed it will be necessary to briefly outline the geographic, geologic and, 
chmatic nature of the country, and the social and hygienic status of its- 
varbus races. For all these questions have been introduced at oue time or 
anotber into speculations as to the cause of beri-beri, and ought here to be 
either once and for all e.\cluded or properly placed in their relationship to 
the disease. 



GEOGRAPHY OF BRITISH MALAYA. 

12. The Malay Peuinsula (iee Map) juts down from the south-eastern 
corner of Asia somewhat as Florida from the corresponding part of North 
America. That part of it which properly concerns us e\tends from 
about 6° 8' to i° 12' north latitude. It thuslies wholly within the Tropic of 
Cancer. Singapore island and town which lie on the tip of the Peninsula a 
less than 1° north of the equator. 

13. From its blunl pointed e\treimty the Peninsula gradually swells 
to a width of 300 miles at north latitude 4 50' ; then rapidly narrows again. 
Within the parallels 6° 8' to i 2 12' it rttns diagunally soulh-east between the 
meridians too° and 104 18' east of Greenwich. The total area of Ihis part 
of the Peninsula is about 34,259 square miles. Included in this area are the 
protected Malay States, composing a Federation known as the Pederated 
Malay States. Perak, Selangor and the Negri Sembilan reach from the 
west coast to about the middle of the Peninsula; the great State of 
Pahang from the latter line to the east coast. These States represent the 
greater part of the square mileage (23.959 s.m.) of ihe Brithh portion of the 
Peninsula. 



14. But there is, in addition, the Colony of the Straits Settlements 
composed of Singapore island and city ; Malacca, Penang, Province Wellesley 
and the Dindings, containing about 1,300 square miles. The remainder of 
this part of the Peninsula is occupied by tlie native state of Johore containing 
about 9,000 square miles, bordering both the Straits of Malacca and the 
China Sea. It is under British protection so far as its external policy is 
concerned. 

15. Running the ful) length of the Peninsula from north-west to soutt 
east is a great backbone range of mountains, here and there reaching s 
altitude of 8, 000 feet. At severa! points the range doubles, triples, and 
ijuadruples, and by throwing off numerous detached spurs spreads 
laterally to almost both eastern and western coasts. This is more particu- 
larly so between parallels 3 50' and 6° 30' ; but only rarely are hills of any 
height found near the coast lines. When so found they are generally 
detacbed. 

16. The position and direction of this backbone range determines 
character and direction of the watercourses. The latter take either 
easterly or westerly direction ; on the one hand opening into the Straits 
Malacca and on the other into the China Sea. 

17. Many of the rivers are large and deep, and nearly all have the 
same features. They begin in the hills, and soou grow into rapid turbulent 
streams tliat rush through deep narrow rock-strewn valleys. Reaching the 
iowlands they become broad and winding and are further enlarged by n 
sluggisb branches that drain the rlats. The lowlands are not high abovi 
the ocean level, consequently the rivers are tidal for several miles. 

18. In tbe hills all rivers are bordered and overhung by heavy jungle : 
creepers, underbrush and noble-looking high trees. In the lowlands by 
cocoanut, coffee, rice and other plantations, and atap palm. Near the coasts 
dense mangrove swamps displace all other growths, except where the land 
bas been claimed for cultivation, 

GEOLOGY AND MINERALOGY OF THE PENINSULA 

19. Tbe facts tbat most of those who suffer from beri-beri are 
miners, that disturbance of virgin soil is claimed by some to be potent 
in producing beri-beri, and that the question of arsenical poisoniiig 1 
oow been thrust into the discussion of the etiology of the disease, 1 
for the rallowing description. I am altogether indebted for it to 
compilation of Mr. L. Wiiay, Curator of Perak Museum. 

20. Writing of the Geologic formation of Perak, he states:- — 

" There are many inttresimi; riroljlems inv«lveJ in thc- (jeology wliich, untorlunately 
al ihe present timt\ there are instiBkient ilata to solve ; but leaiiny these debatable 
out of the question, the broad facts are very srmple There are in reality on _ 
lirntalions represented : lirslly. tlte jjinnitic rocks : secondly. a large series of beds r 
«neiss, quart2ite, schist, and landjtone, <>verlakl in many places by ihick bedsnf crysiallir 
limestone, Ihirdly. small sheels of irap-rock ; and, ttjurthly. river gravels and otbi 
quarternary deposits The jrranites an: nf.tD.any vnrietics, .1.111.I alsu. in all probabilin 
al several different geoltjffical rieriods. 
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31. " The scriesof quartzites. schists and limestones are of great age, hut as no foss 
have ever been found in anv of them, nothing definile can he staled as U their exa 
chronological position Their lithological cliar;i':teris(ic3. and the total absence of all 
organic remains, point to the Archasan Period The failure to discover signs of life in 
tbem is, of course, merely oas&til b Byideoce, and the finding of a single iossil would at 
onceupset it. Howeier, until this happens they may bei.-onveiiicuLly Liassed as Laurenlian. 
II is at present impossible to form anything appioaching an accurate estimate of the 
thickness of this e.viensive =eries, but it is probaUle that it is somewhere between 4,000 
and 5.000 feel. Uncontormability has been noticed betweeti the Hmestones and the beds 
beneath, but whether this is sunicient to separate them, or not, is a matter for future 
investigation 

21, '" ln some places. on the top of the limestone, are sma.Il patches of heavy blaclt 
Irap, often vesicular in teslure. It is evidently now only a remnant of what it once was 
and is represenled in many places by only a fe\v scaltered fra(;meiiLs ; but the time which 
has elapsed since the deposirion of the limestone is so great as to allow any amount of 
denudation 10 have taken place. It is a quastiot) whether tlie crystalUne character of Ihe 
limestones is not due to their having been rlooded by a thick layer of incatidescent trap. 

13. •' The quarlernary beds consist of okl \_lley-graveLs, newer clays, sand, peats 
and gravels, and. near the coast. fluviatile _nd marine deposits. They are composed of 
the detritus of the granitic and Laurentian lormations. \\ith. of course, a certain amount 
of organic malter. and, in Kinta, some slii;Lt admi:;ture of decompused trap-rock. 

24. " The period when the country assumed its presenl general conBpnration was, 
comparatively, quite recent The eruption of the Rranite may very probably nol have 
laken place at one time There were most likcly se\ c-ral succi>ssivc rniptions, and between 
each the degradation o£ ihe granite itself and of the upturned edges of the beds of 
sedimentary rocks went on, 

25. ■' The taller hills are e\clusively coinposetl of granite, as are also some of the 
lower ones. The upturned I.aurentian beds appear at the bases of the granitic ranges as 
spurs, or Coot-hills, the limestone. in parLioular, lorininj: uiosi curious and picturesque 
hills, sometimes attaining 3. height of considerably over 2.000 feet. 

i the Kinta yalley (Map D. 3) for instance, 

Granite. yneit-siu arirl sdiislose beds, clay-slates 
and sandstones, limestones, remains of trap, aliuvium, limestone, clay-slates and 
sandstones, schislose and ^neissir hed~. and, lastly. the yrnnite "l" tlie ceiiiral range of the 
Peninsula, Sectious m r.ther \alicys wonld tiot Ue si. pcrtect. lis tlie liiiit--ioiie parlicularly 
is very Iragmentary. 

MINERALOGY 

17, "The ores of ihe rbllowing metals have been found it 

Grauili : — Tin, lead. iron, arsenic, tungsten, titanium 

Liiarinti<»i :— Tin, gold, lead, silver, iron, arsenic. copper, zinc, lunssten, manganese, 
bismuth 

Qtiarla*,iry l — Tin. gold, copper, lungsten, iron, titanium 

as small quantities of the o 

iS. "The melalliferous ores in the alluvial beds are naturally deri\ed from the older 
formations, but are in many cases much more commercially imporlaut. because they a: 
more accessible and easier 10 work. In ihe formation nf these beds, nalure has done on _ 
large scale what a miner does in a small way ; she has crnshed and ground to powder vast 
masses of rock, and bv the action ol water has sorted otil and concentraLed witbin restricted 
areasall the valuable constituents." 
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2g. As 1 will frequently have to refer to the fact that heri-beri i 
widespread amongst Chinese tin mining coolies, the following should be borr 



30. " 77« : — The principal pruduct nf I'erak (and ths whole uf ttie Federated Malay 
tjtates) is lio, and il was the presence of thts raetal which first attracted Chinese to ttie 
State. Almost all the tin has besn raised bj- Chinese miners with the most priraitive 
appliances. 

ji . " The tin fields of Larul (Map B 4). which may be taken as typical of thos 
of the rest of the Peninsula, form a strip of land from two to three miles broad along tt" 
base of a ranj;e of granite mnuntains. 

32 " These alluvial fials are composed tit t.iyi.-rs of d .iys, sands and grayels. with 
beds of peat. containin£ the stumps of trees and fallen iree trunks. markine forraer 
swamps and levels of the plain. 

33. " The tin-bearing stratuin rests on a stif 
in ihickncss fr.>m a lcw inchi-s !•■ sit or eighl feet, 
is diviJed by a layer of clay 

34. " The plains are composed of the delritus of the nranite and the pal;eozoic 
slates and sand.sd.iiie.s wbidi l'irm vr \i:x\v '■ ■rmsJ tlii.' raiijje ■'■f hills. The tin is not evenly 
distributed over the plains, but is tound to tollon tha loWBSt parts of the clay bed. or, in 
other words, the beds of the ancient rivers. The tin-sand is, as a rule, coarse-grained 
near the hills. and finer as it recedes from them. 






The method of working the mines is to remoi 

erin.i; ttic lin-l.iMiin.L; slnirum This is what is callcd ihe ■ 
from throc or fotir to thirty (eet in thickness 



"Hg," 



3fi " The work is usually done by contract in the Chinese mines The tin-bearing 
layer catled the " wash dirt " is ther. raised 10 Ihi' siirf;ice nnd washe-d with a stream of 
water in lonj; \v loden c(.ffiii-shap>;J hoMes The cin-sand bein;; more ilian Cwice as heavy 
as the clay and Rravel wiih which it is rained, stops in the upper part of the hox, while the 
lighter parts are carried away by the streatn of water. 

37. " The shiliisiy and raism/ .if the earlh in chi: miiics is itil done by digging with 
large hoes called changkuls, and the earch is Ihen fitled into liaskets, two of which are 
carried by each man by means of a yoke or stick u\ er tiis shtpulilcr. The water is puraped 
from most of the mines by Chinese oiershoi wamrwlieels, and cmiless ch.iin pumps. In 
the larger mines steam-enjines are used in conjunction with centrifugal pumps. 



38. 
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n many places associated witli t; 



319. As beri-beri is attributed to arsenical poisoning by so thorottgb an 
observer as Dr. Rosald Ross, 1 have made careiul investigation of the 
tnatter to determine if tbe large nuinber of Chinese tin miners who contract 
beri-beri are so closely associated in their work with arsenic as to run tbe 
risk of poisoning. 



and later on 



40. I will only mention here the distribution of 
state my conclusions in the matter. 

41. To Mr. J. B. Dykes, Warden of Mines, P.M.S., I am indebted for 
my knowledge of the actively worked tin mines in which arsenic is found, 
and the combinations in which it esists. 




4 2 - Wrtting to me he says " that arsenic occurs in varying quantities 
K C0 ^ eh0Ul Ihe Peninsula ^ mispickel or arsenide of iron. At Pudoh, near 
Kwaia Lumpor, there are several furnaces for roasting the ore. l 

+3- " It is dirncult to state dehnitely in what part of any given mme 
arsenic is to be found. It occurs discretely scattered, but I have seen 
large quantities mixed with the tin-bearing strata at Kepong, Sungei Puteh, 
Ampang and Sungei Besi, all near Kwala Lumpor (Map C. 5). And 
again m the lodes at Chankat Pari near Ipoh (Map C. 4 ),and at tlie Rhin 
loo-e in jdebu (Map D. 5). The lodes of Chankat Pari and Rhin carry from 
^5o% of arsenic; but this is altogether esceptional. In some mines 
tnousands of cnbic yards of earth may be displaced and quantities of tin ore 
exposed and no trace of arsenk seen, as in the Tronoh Mining Company's 
mmes near Ipoh in Perak. for instance. 

44- " In all the mining centres arsenic is occasionaliy found, but mines 
wlnch have been producing tin with arsenic as an impurity. for, perhaps, the 
last two years, may now be free from the impurity. For instance, tin ore 1 
trom the mines at Sungei Besi near Kwala Lumpor (Map C. 5) to within 
a lale period was very often contaniinateci with arsenic. whereas at present 
tnat mineral is absent. 

4.5- " Arsenic not only occurs in the mines, hut also, as would naturally 
t>e expecteci in a highly mineralised country hke British Malaya, in surface 
cuttings, etc, and may, I think, be taken to occur generally in small quantities 
in the soil. For instance, arsenic is just as likely to be found in alluvial 
deposits within a few feet of the surface as at a depth of 100 or 200 feet, so 
that any persons employed at earth work would be to some extent in 
contact with it." 

4 D - It might seem to those who advocate the arsenical theory that so 
much arsenic in the soil is evidence enough to account for beri-beri amongst 
me Chinese who are constantly in contact wilh it. 

47- But Observation No. i is wholly against such an assumptioo 
as well as the fact that Tamil coolies working in cuttings aud at mine stripping 
(Par. 123) escape beri-beri. The former observation shows that during 
eleven months a great number of cases of beri-beri occurred in a large body 
of prisoners who were closely contined in the Kwala Lumpor gaol where no 
arsenic could have entered. It appears to me to rmally esclude arsenic as 
the <;nise of beri-beri. 

48. It was suggested by Dr. S. C. G. Fox, Acting State Surgeon 
to Pcrak, in his Annual Report for 1900, that "arsenic may be the cause of 
neuritis in beri-beri." 

49. But Dr. Connoli.y, District Surgeon, Batu Gajah, says in regard 
to this that "up to the present (1900) a chemical atialysis has failed to fmd 
arsenic in the urine of beri-lieri patients." 

50. Dr. Connoi.lv hassinceinformed me(May, 1902) that more careful 
tests by Marsh's methods has had like results. 

' Carefu! inquiry has not elicittd a sinijle InitUICC of beri-beri in coolies engaged 





. - - . 


C\ «O t>. 


M 


M N 


00 


tN»00 • 


O 


«o r>» ' 


N 


M M 1 



w 
H 



• • • 

• • • 



• • • 



-t O N t 

00 00 00 C 



QO 6 N»! 



m q n * 
t^ob od d 

tN» Jv, JN» f 



iO>Ofnii 

6 fnfi K 

N N N d 



«o o o 



6 O ci c4 

o> o> O* 01 



«n io n oj 

t>. ^oo oq 
vO O v2 vo| 

i 

- 1 



n 9 «nvd 
q> M d oj 

O M M Mf 



. . • I 
. . • j 



. • 

. >» • 

A2S 



c 



I 







t 




\ r 


t-* O O 00 M "^" M 
M M 


o> 


m c* «OOiCOH 0*« «000 lOO O 
rr>M m tN •<*- ro <N ■*- «N rn T »0 



1-30 ro «o «n cooo !>. 
00 ro O O 00 «O O 
vO »00 ^ 1- *-*- ■*• 



UO09J }OfyJ 



M 

rO 



UOD9J JOJ^ 



m ro O 

o oo oo 



t-» m ro ■*■ m 
t-*.oo oo oo oo 





VO lONO Q\ N 
' 00 O 0> o «O m o 


c 


' ^ax r-. t>. »o 

1 IN M M 


2 




u. 


fAiOO>N tiOO 


D 0.0.0 o- O>00 On 
c »>. t^oo t^. t-^ t^> r>- 


P 




? 


; o o o o o o o 


OTt-iOiOro-*-"<a-N 


4 


_ f 




: o o c o o o o 
-» t^. t>* r>» t> t>* r^ r^ 




— — 



00 



O l> 

■H o ■ 



»o 

6. 
t>. 



ro 



O 
t>* 



) o o q o o o o 

^ -^" 'O iO rn -t- tJ- tN 

^0>0>0>0^0*OiO> 



D »0 00 00 00 r-» r-»oo 

500C-Cv0i00 



ro 
0> 



t^ 

O 



^ n X m n "OroN 

o «o -t- «o io «o «o «o 



ro 

«o 



&~ o s § 



« v : -3-.3i;00'*/ 

A^ c/> o £ ~ 



•«t- «0\0 00 t-»X 00 fO00 ro «N iO 
O fO00 <N t^vO"^-rot^»00>00 
^rorO^-^^-^^rO'^-'^-^ 



p9pjQ03J JOJ^ 



U 



t^o o t-* <n o 

r-. t^.00 t>-oo 00 



C-.00 ^00 00 O 

r---. r-. r---. c-. t>/ r- 



«n -«t- r^ Th ^-oo o Tt-oo ^- ro m 

O 00 -*- O roiONOOOvO «O00 
roroO^t^iO^rororOiOM ro 



«N tN »0 »0 O» O". fO O ro«00 m 

i m O «N i 6 <N m <n* <N i m i M t- 

ooooooooocoooooooooooooc 



m iovO O^C 0\ O '1"m ro r" 

6\ 6 6. t-» t-»od od od od od c-»oo' 

mNmmmmmmmmmm 

N«O0 'OPONX t^tN rOM r 
OOMdrotNMMMrNtNH 

r-.i>.r-.c^c^t^r-»r-»«>.'>. , >.t: 



oo m r-» Tt- r-. r-. c^o \o •«*- «o c 
o>mc6oo'o6oo'q>«4 

00 O^O^O^O^O^O^O^On O>00 <; 



«O «N 00 

od *t- 6 



O Q\ C ro«0«N mvO 



•^•rorororororoiN 
rhiO«O«O«O«OV0iO«O«O«O 



<0 C^ 0> 0> N tN *tfO -^N^- 

roro-OM o^O O O O O"^- 
iOvoiOiO , ^-«Ovo«0«0'^-'«4- 







— _ - 











. >, . . 

U 2 f 

s b C -m 



bx) 



3 <u «j P-J5 §a 3 
2,fa S < S i^-tl 



rt 



t-i 

'^ M 

F.*- O 

0-1 -M 

<7)0 



Ei 



\ 






METEOROLOGY AND CLIMATOLOGY, 

51. The direction of the monsoons appears to be a determining factor 
in outbreaks of beri-beri. This wiil be reterred to iater on. In the 
meantime it should be rememhered thal generally speaking the meteorological 
and climatic state of the Peninsula is reiated to two alternating winds. 

52. The north-east monsoon blows steadily from September to March, 
The wind then veers to south-east and rmally sets in the south-west, at 
which point it contimies till September. The north-east is the steadier 
monsoon of the two. 

53. These aJternating winds produce 
season, but tlie wettest months are related ti 
to the souih-west wind. 



; made in Taiping (Map B. 4), Kwala Lumpor (Map C. 5). 
nla I.ipis [Map D. 4), Singapore (Map E 7), Malaca '" 
, 3) ; places widely separateil aud sitnatcil on Ihe lower 
of the 1'eninsula on or near the coasls. The Hgures are, therefore. only relative 
matter nf iacl. the annual rainlall 1'arii's smncwhit. Tnipinj;. for instance, near the coast 
and Singapore on the sea. average 200 and 103 to izo inchea respectively ; but thi; 
general averas»e thnjiighoui thc Peninsula is about yo inches 

5(3. The great amount of rain tempera the heat aud renders the night:; 
cool aud refreshing. A diiTerence of two or three degrees lower mean 
temperature is generally recorded during the north-east monsoon. 

37. The temperature variation is not great, as will be seen trom Tabies 
2 and 3. The heat is great and contiuuous but hardly excessive, and thero 
is little distinction of seasons. 

58. These lables also indicate the rate ofadmission and deaths from 
beri-beri in the Government Hospitals of British Malaya. Cases appear 10 
DccUl all the year round it will beobserved, but they increase in uumberantl 
succumb more numerously from Septemher to April, /.«., during the nortli- 
east rather than south-west monsoon. 



59. In Goyernrnent institutions such as the ga> 
5. especially noticeable. (Sce Observation No. 1.) 



1 Kwala Lumpor, this 



60. My esperience of beri-beri in the gaol and other public 
institutious wbere the incipient sigusof the disease may be at once obserred, 
leads me to state that only a small percentage of cases contract tbe disease 
during the south-west monsoon. The returns of beri-beii during the latiet 
arecomposed of casesof beri-berie residual paralysis which remain over from 
the previous monsoon and are readmitted, or of cases that have contracted tln; 
disease during the latter part of the north-east monsoon. 

6r. For instance, in a daily average of 221 prisoners in the Kwala 
Lumpor gaol segregated from their comrades because they had never had 
lieii-ben. 7 cases occurred during the south-west monsoon, while beginniug 






tctd during the north-east i 

,„l 2,). 



; developed (s« Tablei 



!. This is fouod to be true of the mines as well as of institutions. 
i the Pahang Cnrporation Mine at Sungei Lembing (Map E, 4) the cases 
f heri beri appeared as follows during 1900 and 1901 : — 

:/.i.v . J-unc. Jul.i hAupot. Stplcmbcr. Octabtr. Nontmbtr. Dcccmbcr. Jan-uary. Fcbruary. Marck. 

77 104 32 36 42 46 43 69 130 101 135 91 

63. Just wlmt determines this result does not appear to be clear. 
Tbere 15 imdoubtedly a greater fail of rain and the general humidity is 
higher during the north-east monsoon than during the south-west. This 
tact does not appear quite clearly enough in the meteorological retums 
chierli, 1 think, because they are lounded on observations made at a few 
widely separated points. 

CLASSIFICATION OF BERI-BERI. 



64. Following the older authoi 
wtl LLi.d dry, or, following Scheube, 1 
Acute Pernicious. 
Hydro-atrophic. 



beri-beri is roughly classilied a 



Atrophic. 
Rudimentary. 



05. Neither of thesc classincations appears to be proper in view of the 
underiying pathological lesion in the central and peripheral nervous system 
aud ;ll, meutary tract. 

66. I shali shortly pubiish the result of an examination of the centraJ 
:iud p ripheral nervous system of some forty cases of beri-beri. The cases 
ierimuated tatally from 5 days to 9 years after the first noticeable symptorn 
was detected. I shall sbow that by thc changes in the central and peripheraJ 
iiervous system and alimentary tract all cases can be divided into two classes 
marking the active stage of the disease and a third ciass marking a 
rcsidual beri-beric condition. In Obserration No. 3 I have outlined two 
cases to illustrate the point I wish to make. 

67. The first class of cases is made up of those beri-berics who may 
die \\ ithin a few days of an (i) acute pernicbus or (2) acute onset, and whose 
stomachs and duodenums show aogry inAammation, or congestion with 
hcem jrrhagic injections, and whose nervous systems show more or less 
clearly an acute pareocbymatous change as the result of the direct action 
nf the beri-beric toxin. Cases in these classes I regard as beri-beri proper. 

68. The third class is composed of those who survive an acute attack 
uf the beri-beric virus, but with a more or less shattered nervous system, 
especially the cardiac and lumbar spinal neurones. No gastric or 
duodenal inAammation is to be observed in such cases when after some 
momhs or years they die of an intercurrent disease or of cardiac failure. 
They must, I think, be looked upon as cases of beri-beric residual paralysis 
whkh may or may not wholly recover, depending largely upon whether the 
berminations of the cardiac fibres regenerate or not. The central and 
peripheral nervous tissues of such cases present changes of an entirely 



dhYerent character from those of the first and second class of cases. The 
changes are of a chronic type dne primarily to the action of the beri-beric 
virus on the whole or part of each neurone, and secondarily to the subse<]ueut 
loss of or diminution of runction. The changes are both parenchymatous 
and interstitial. 

69. During the stage of residual parulysis there is a more or less constant 
tendency of the neryous system towards repair. This is evidenced by the 
presence of reeeneratiiig fibres in both the diseased cardiac and other nerve 
tninks. But from both post-mortem and clinic;il ol>servation it seeras doubt- 
luss that the process of repair is constantly checked and the new tissues even 

■destroyed by internal and e.Nternal statcs that aftect the general health. 

70. To this I would ascribe the so-adled relapses in beri-beri, but term 
them residual paralytic relapses. It also accounts for the death of Tesidual 
paralytic cases from cardiac failure. For there is decided evidence of great 
atrophy of the \ agal inhihitory fibres of the heart, aiid to a lesser degree of 
the augmentor fibres, and evidences of fibre regeneration. But the process 
of repair is slower than that of degeneration with the result that the heart 
escapes the control of the nervous system and, running away, becomes 
exhausted . 

71. Cases of beri-beric residual paralysis that ultimately recover are 
those whose cardiac and other neurones have wholly rcpaired lhemselves. 

72. On tliese facts I propose to classify beri-beri as follows : — 

Acute pernicious beri-beki, which is always fatal. 

Acute bkri-beri, which runs a course of from 3 to 6 weeks 

leaving the patient paralysed, 
Behi-beric kksiduai. paralysis, which persists after the specific 

virus has ceased to act. 

73. The latter class ofcases ernbraces all those who do not recover 
irom the initial damage to the nervous system, and in whose neurones there 
is a tendency towards repair which aiternates with an atrophic tendency. 

74. Such cases may and often do die from gradual degeneration of the 
originally generally but slightly damaged cardiac nerves. But the initial 
feelings of pyre\ia and gaslric disturbancearenot again e\perienced unless an 
actual second attack of acute pernicious or acuteberi-beri is entertained, and 
on post-mortem exammation no acute inAummatory or congestive changes 
are to be seen in the stomach or duodenum such as one observes in fatai, 
acute pernicious or acute cases. 



75. So far as I b 
mortem information of b 
term residual paralytic c; 
disease as would h; 



! seen it seems probable that the bulk of post- 
beri is based on the examination of what I would 
3. This has led toas great amisconception of the 
if diphtheria if our knowiedge of 



t was lounded on an examination of cases of post-diphtheritic paralysis. 

76. It is not to be denied that a second attack of acute beri-beri may 
occur liefore the lesion in the nervous system caused by a first attack has 
passed away. But such cases can bo distinguished frum beri-beric residual 
paralysis. { Set Obs. 2 and 3. ) 




INCUBATION PERIOD OF UERI-BERI. 



Pekelharing and Winkler are 
incubation period of beri-heri 



^sponsible for the \ 



78. Before it could be accurately determined what proportion of beri- 
berics in the public institutions of British Malaya contracted the disease 
intra- or extra-murally it was necessary that this point be determined. 

70,. In the Peninsula it is an easy matter to prove a short incubation 
period. ln paras. 145-71! isstated that therecruits for the minesarebrought 
in large gangs from China and senl straiglnway to the mines. In an inquiry 
at various mining centres whete Sinkhehs (see para. 140) are mostly employed, 
I fmd that if they are brought into the country during the north-east or wet 
nionsoon and sent to a mine where beri-beri is rife many of the new comers 
oontract the disease within a month, a sm;iller number within a fortnigbt, and 
a few within ten days. 

80. If brought in during the south-west or drier monsoon the disease 
is seldom contracted so early; not till the wetter north-east monsoon begins 
to blow. But the incubation period of the latter cases is probably not to be 
regarded as having begun till the onset of the north-east monsoon. 

81. In Table No. t I have analysed 276 cases of beri-beri in Sinkhehs. 
It will be seen that 78 ofthem direct from China who wereseni at once into 
intected centres during the north-east monsoon contrai ted the disease within 
30 days, and no less than 12 within 10 days. The latter fact eswblishns 
beyond dispute that the incubation periodofthe disease is not longer tban 
that of other infectious diseases. There is no question of the 12 having 
brought the disease in with them. In several hundred inquiries a.ntongst 
beri-berics I have failed to find a single case that had had or in whose family 
tbere had ever been beri-beri in the particular part of China from which he 
came. There is 110 warrant for a supposition that the steam-ships whicb; 
brought in the Sinkhehs were infected. Inquiry bas proved the contrary. 

82. If one turns to the analysis of the cases of beri-beri that occurred 
in the Kwala Lurnpor gaol (para. 341) betweeo May 3rd, 190 r, and April ist, 
1902, the facts declared ahove are sutely connrmed. 

83. All the cases tabulated were cases that originated in the gaol. 
Careful inquiries and physical examination were made when cach prisoner 
was admitted to tbe gaol by Drs. E. A. O. Travers, P. N. Gerrard, 
J, D. Gimlette or myself. No history or signsof the earliest manifestations 
of beri-beri was determined in nearly a tbousand picked prisoners wbo 
passed into Party No. 2 during my eleven montbs' observarion. Yet 
amongst them 90 developed beri-beri to a marked degree, 1 within seven 
days, 10 within fourteen days, 6 more within twenty-one days, and 9 
between thirty and forty-five days, after incarceration. 

84. So that I have no hesitation in saying that the incubation period 
of beri-beri is between ten and fifteen days, altbough extreme paralysis and 
the other hiller effects of the virus may not manifest themseKes. til! some 
days after the first demonstrable symptom of nerve lesion. 
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RACIAL CHARACTERISTICS AN"D INCIDENCE 0F 
BERI-BERI. 

85. The Malay Peninsula strikes the observer as being a wliirlpool 
to which tends the rlotsam and jetsam of many Oriental peoples, As there 
are striking dinerences in their social and bygienic conditions, and as some 
more than others are susceptible to beri-beri, a rapid outline of their mode of 
life wi!I be given. The incidence of beri-Iieri on the various races may be 
conveniently discussed at the same tima. Table No. 4 is an abstract of the 
last census taken in March, 1901. 

86. The European population may be dismissed witli a word. Its 
social and hygienic characte.ristics are those of all British tropical stations. 
The aduit males are mostly merchants or Government servants. They work 
regularly, exercise freely, indulge a tropical thirst with varying quantitres 
of alcoliolic drinks, and providing that Iong leave to Europe does not 
come less seldom than every four or five years they keep well. Of course 
malaria and dysentery have their victims to some extent. Hut beri-beri in 
Europeans is almost unknown, no marter what their social status. I have 
not, myself, seen the disease in a European. But during the last ten years 
one or two authenticated cases have occurred and proved fatal. 

87. Iu addition to my own two and a half years' observatioti I am 
dependent for statistics on rigures mostiy compiled by State and Colonial 
Surgeons who, in turn, depend on observations made by Oriental apothecaries 
and dressers. No doubt many cases are recorded as heri-beri that in stricter 
hands wouldbave been recorded under another heading. But it is scarcely 
likely that in so small a European community as the Colony and Federation 
that a member of it woukl contract beri-beriand the fact escape notice, or thal 
any other disease in a European would be wrongly diagnosed as heri-beri. 

88. So that in Tables 5 and 6 of cases of and deaths from beri-beri per 
mille of the popnlation during 1899. 1900 and 1901, the estimate in regard to 
Europeans is correct. 

S9. One or two cases have been mentioned to me as having been seen 
in private practice. But thestatement hokls dood that beri-beri in Europeans 
is a negligible quantity. In the Selangor records for 1900, under head of 
Europeans and Eurasians, 0.005 per mille of State population applies to 
Eurasians. 



90. The Eurasiau community numbers 9,185 in British Malaya. It is 
largely composed of the olTspring of the old Portuguese of Malacca and Malay 
women and their descendants who intermarry or contract with the offspring 
of full-blooded Chinese and Malays. 

91. A small number are the result of European and Tamil or Chinese 
intercourse. The European-Tamil eiement was from the Madras Presidency 



origiually. Other Eurasians, a small proportion of the whole number, are 
the offspring of a parentage that may be a mixture of all Orienta! bloods with 
oniy a alight strain of European running in it. 

92. In Tables 5 and 6 but 0.005 Eurasians per mille of I-ederal and 
Colonial population is recorded as having contracted beri-beri, in violent 
contrast to 118.236 of Chinese. 

93. The social and hygienic habits of the Eurasian are necessarily 
complicated by his mixed origin. But it may be stated that in the vast 
majority of cases 1! appro\imates to the European rather than native standard 
in the matter of employment, dress and labour. Most of Ihis dassare minor 
servants or Government clerks, stationmasters, overseers, etc. They do not 
Iive in barracks, and there is no tendency amongst them to overcrowd. 
Most of them are Christians by profession and therefore are freer in their 
dietetic habit than the pure Oriental who is subject to hiscasle or the Moha- 
medan law. ln his dietetic habit the Eurasian is Malay, Chinese or Indian, 
in inverse ratio to the purity of his European blood. 

94. Amongst Eurasians beri-beri is comparatively rare. I have not 
yet seen it in them, but I am infonned by seieral of the local Medical Officers 
that occasionally they have had to deal with a case. 

95. In public institutions snch as Gaols, 1 Lospitals for the Insane, etc, 
where beri-beri is rife, few Eurasians are found, consequently I cannot say 
from direct observation whether or not they would contract lieri-beri if 
exposed to infection as do Tamils and Malays who, outside such institutions, 
rarely contract the disease. But it is e.\tremely likely that they would. 







Malays. 




96. 


I am indebted to Mr. 


D. G. Campb 


ll, Secretary to t 




, for revising the follo\ 


ring. 
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The number of each < 


ivision of this 


class is as tollows 




Aborigines 




18,656 




Achinese 




+85 




Boyanese 




3.5°9 




Bugis 




1,133 




Dyaks 




72 
17.578 




jawi-Pekan ... 




8, 34 S 




Native Malays 




470,415 




Manilamen 




168 




Sam Sams, or 


the offspiing 


of 




Malays and Siamese 


106 



The Aborigines: — Table 4 shows that the great majoriry of this 
class live in Pahang. But little is known of them. I have not beeu able 
to directly determine if in their jungle and mountain haunts they suner from 
beri-beri. But Mr. Hugh Cliffohd, Resident of Pahang, who can speak 
with authority, is of theopinion that they do not. So also is Mr. Nelson 
Asnandai.e, who has just returned from extensive observations amongst 
the aborigines of Patani and northem Perak. 
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99' Occasionally tbese people venture from the jungle and work in 
mines such as the Bentong and Sempam. Their numbers arefew; never 
more than a dozen or so. Amongst these few I have rarely observed a 
case of beri-beri. 

ioo. Tbere is nothing improbable in [he Sakai contracting beri-beri 
so natoriousafocus of the disease as Bentong(s« para. 191). But I think it 
may be affirmed that the Aborigines are not affected by beri-beri when 
living under conditions normal to them. Their diet is principally Indian 
corn, tapioca, jungle roots, and rice. 

101. Oftheother classes of Malays more is known and greater authority 
may be used in discussing their susceptibility to beri-beri. 

102. The Malays native to the Peninsula number 470,415, four-fifths 
nearly of the total Malay population. They niay he fairly divided into two 
classes. 

1 communities of various sizes under 
dvent of Europeans. 

104. 2nd. — Those who live in the neighbourhood or in the larger 
towns in contact with Indians, Chinese, and Europeans. 

105. The former are mostly employed as nshermen, planters in several 
ways of coconut, corTee, padi, etc, or are engaged at getting out jungle 
produce such as timber, rotan, etc, 

106. The latter are employed as clerks, pobcemen, and in other minor 
positionsoftrust ; as carters, and to some extentas sbop-keepers, house-boys, 
artisans, and horse-keepers. The horse-keepers are mostly Boyanese, and 
the gardeners chierly Javanese. 

107. Two chief factors govern all native Malays in their social, 
hygienic, and dietetic habits, namely : — The communal system and, what 
is important from a dietetic point of view, the fact that they profess 

Mohiuncdanism. 

10S. With slight reservation it may be stated that both of tlie dasses 
are more or less strictly governed by the Koran, and that tbeir communal 
system keeps them above poverty in far larger proportion than obtains 
amongst either the Chinese or Tamils. Actual want of food is unknown 
to them. 

109. As a rule their jnngle houses are supported on scantlings raised 
from five to ten feet above ground. The floor is a gridiron of split bamboo, 
the sides and roof of atap thatch. Houses are generally well-built, weather- 
proof and clean. Household refuse is sometimes thruwn abont carelessly, 
but soon decays and disappears in this climate. The personal uncleanliness, 
overcrowding and rilthy surroundings of the Chinese mining coolie and 
TatnU contract labourer are liut rarely observed. They wash their bodies 
twice a day and even worn ragged clothes are washed daily. 



no. The chief dietoftiie Malay is composed largely of rice, vegetables 
witb curried ftsh and fowl, and occasionally mutton. The nsh eaten is 
locally caught and sun-dried and bougbt in the open raarkets (paras. 212—14 
and Obs. 7). So far as rish is concerned the Malay is 011 exactly the same 
footing as the Chinese and Tamils. Pork, of course, is held in abhorrence. 
Fruits of the country such as plantain, mangoes, mangosteens, etc, also 
enter largely into his diet. 

iii. The rice used is either irnported from Siam and Rangoon or is 
locally grown by the Malays themselves (s« Obs. 6). It should l>e borne 
in mind that they eat a rice which differs in no essential point from that 
eaten l>y Chinese who contract beri-beri here, and the rice eaten by the 
Chittese of Rangoon who esGape the disease. They do not top-dress tbeir 
growing vegetables with human or other excreta as do the Chinese, nor do 
they oil their bodies as is done by the Tamils. Their padi fields are 
mannred with cattle and goat dung, tramped in by trained burTaloes. 






; difference of 






3 to the incidence of beri- 



beri on the nattve and other Malays of the Peninsula. 

113. CarefuJ inquiries amongst the Government Medical Orncers and 
personal observations over the whole Peninsula lead me to believe that it is 
a rare affection. Dr. L. Bkaddon, State Surgeon of Negri Sembilau. how- 
ever, is responsible for the opinion that the Malay is very susceptible to beri- 
lieri. 

114. He says in bis Annual Report for 1898 " thal although, as he (the 
Malay) never comes to hospital his complaints are seldom seen, there is no 
reason to suppose that the record (140 deaths from beri-beri per 1,000) is in 
any way unreliable. 1 have, it is true, included with beri-beri all deaths 
described as due to dropsy ; but heart disease, Bright's disease, and alcoholism 
its other cbief causes, are so rare among the Malays as to be negligible 
factors in this conclusion," 

115. As Dr. Braddon bases thisconclnsionon the observatlons of his 
native dressers whom he does not always consider reliable and, further, as 
he has classiMed all cases o? dropsy as beri-lieri, I must wholly disagree with 
him on the evidence he himself brings forward. 



116. My own observations clearly deny i_)r. Bkaddom'5 conclusions. I 
have been in every native village of importance along the west coast of the 
Peninsula atid in the interior. Careful inciuiries have failed to elicit, except 
rarely, the history or any evidence of the preseuce of beri-beri. 



117. Insomeof thepoorer villagesis 
" Kaki bengkak," i.e.. swollen feet. It is ; 
following malaria. I have never foimd a c 
beri insuch cases. 



;en a disease called by the Malays 
1 cedema dne to simple ana;mia 
rdinal nervous symptom of beri- 



118. Amongst the town Malays, carters, etc, cases of beri-beri are 
occasionally seen. In the gaols and other institutions it is not infrequent. 



but sucli cases give a history of association in a focus wbere bi 
bas long been known to be endemic. 

119. It cannot be assumed that the Malays as a body escape beri-ber 
because of tbe absence of some dietetic facior that ohtains witb 
susceptible Chinese, for a personal observation in the Kwala Lumpor Gac 
elicited the fact that on their own cbosen diet cooked by one of themse]ves 
they developed beri-beri in a larger proportional percentage tban either tbe 
Chinese or Tamils (su para. 340). 



Thk Tamils. 



, Protector of Labour, F.M.S. 



120. I am indebted to Mr. T. H. 
for iuany of the rollowing notes. 

i2i. There are innumerable castes of Tamils in India (last census 
showed some 450 castes in the Madras Presidency). It is not easy to 
ascertain how many are represented in this Peninsula. Twenty castes 
have so far been enumerated. lkil this number is not exhausttve, The, 
I 'ailahs and Pariahs form the bulk of Tatnil immigrants to the Peninsula ; 
tbe reason is not far to seek. Higher castes believe that they are iuter- 
dicted by their religion fromsea-voyages, and-fearin^' social <_'xconniumication 
they keep to their own soil. Some members of the higher castes whom 
necessity compels to go abroad have lately taken to emigration. But the 
number of such indniduals is small in proportion to the Pallah and Pariab 
immigration. 

122. Pariahs and Pallahs are associated with everything from whicb 
lii^hi.T castes would shrink. Tbey are in the lowest scale of Hindu society, 
and under the domination of other castes they cannot look to anything like 
material advancement. While they are in such a position in India it js 
only natural that they prefer to run their course in a land wbere the barrier 
of caste does not bar their way. So that a free flow of Pallah and Parial 
immigration inlo this country bas long been in operation. 

123. Tbere are many Indians from the Decan in the Malay Penin- 
sula who are not Tamils ; Telegues and Malabars priucipally. Of the 
103,527 Tamils in British Malaya (Table 4) nineteen out of twenty are 
immigrants who have entered the Peninsuia under contract for road building, 
sugar plantitij,', railway cxtension, pkmtatioii labour, etc. There are a few 
Tamils and other Indians at work in the mines of Perak ; they number 
about 3,000. Tbeir work in the mines is chiefly stripping and such general 
labour. It is a labour that brings them into as close an associalion with any 
arsentc that may be present in the soil as that of the Chinese miners. 
None of these Tamil mine workers reside on the mines, however, as do the 
Chinese, They walk back to their rjuarters siiuated in some small town in 
ihe vitinity. 

124. There are three classes of Tamil labonr imported :— I, Indentured 
immigrants brought to serve ibr a term ; 2. Free coolies, so-called ; 3. And 
ihe Canganny-recruited coolies. 
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125- The indentured immigrant sekiom repays any part of the cost of 
bringing him here. The free coolie gains a higher wage and generally repays 
part of the cost of his introduction. The Canganny-recruited coolie gener- 
ally gets the full rale of pay that mles in the district in wliich he is employed, 
and repays the cost of his passage from lndia and the advance raade 
to him there. 

126. The coolies are provided with food by their employers but they 
prefer to cook it themselves and generally do so. On some of the iarge 
sugar estates they have public kitchens. 

127. In personal habit the coolie is not dirty by inclination. After 
defscation the anus is cleansed with water. The average coolie takes an 
oil-hath twice a week. The oil used is generally sesamum. Sorae coolies 
will finish their oil-bath in 15 minutes, others in half-an-hour, still otliers 
spend an hour and more over it. They first wash down with warm or cold 
water then rub in a generous amount of oil. The oil is next removed witb 
seeyakai or the juice of lime. Hard-working, self-respecting men of even 
the lower castes will not aliow 24 hours to pass without a water bath if the 
obstacles are not too great. 

128. The Gaverument and estate ownei s provide fairly decent quarters 
for their coolies where this can be conveniently done. The temporary 
buildings provided by the Government on construction works are large and 
airy, and the benches for sleeping are always raised off the ground. A 
sweeper is in charge of the lines, and care is taken to see they are kept 
decently clean on large estates and works. In many instances where the 
visits of the European overseers are few and far between, the native sweepers 
become estremely careless, and dirt accumulates. But it is extremely rare 
to see the overcrowding anil squalid conditions that are seen in and 
about Chinese kongsies in newly-opened tin mines. 

129. The staple food of the Tamil in this country is rice (Pulunga 
arisi, stt Obs. 6), in his own it is millet. This rice should be care- 
fuJly distinguished from Rangoon and Siam rices whicn form the staple food 
of the Malays and Chinese in the Peninsula. The preparation of the former 
rice (Pulunga arisi) differs from the latter (Rangoon and Siam rices). In 
Observation 6, 1 have described the mode of preparing Pulunga arisi. 

130. The Tamil coolie is a vast eater of curries. He eats also more 
or less mutton, fowl, and hsh prepared in the Peninsula {sce paras. 212-14) 
and sold in the open markets. His food is generally cooked on return from 
work and then partly eaten. The remainder is preserved for the evening 
meal and generally the next day's breakfast. European planters have vainly 
tried to wean them from eating cold rice and curry, and to substitute well- 
cooked hot meals, but considerations of economy and of time make bim 
prefer his own devices. 

131. The Tamil eats almost all the vegetables grown in the Peninsula 
such as yams, peas, beans, pumpkin, cabbage, etc. They are well cooked 
with salt and seasoned with oii, mustard, etc. They have a peculiar aversion 
to Chinese-grown vegetables for the reason that such vegetables are top- 
dressed with human excreta. 



( '7 ) 

132- When the Tamil coolie can, he gives up manual labour for 
bullock-cart driying, house serving, and other light work. They are very 
industrious and patient workers. Some of them rise to minor posts of trust. 

133. The small members of the superior castes of Tamils 
Peninsula are, of course, cleaner in their bodily habits and are very carefu 
eaters. Many are entirely vegetarian in their diet. 

134. Inebriety is common aniongst certain of the Tamil comniunity. 
There are inany castes, however, tbat never drink intoxicating liquors. This 
is not infrequently the case amongst even the people whose caste does not 
prohibit their drinking. Amtinfj some of the lower castes gin drinking is a 
vice. In spite of this, one sees but few cases of polyneuritis that can ' 
attributed to it. 

itiRer, diarrhcea, dysentery a 



136. Beri-beri is really uncommon amongst these people while the) 
live uuder the above circumstances, but they do not escape the disease, ant 
when placed in an inlected area such as the Kwala Lumpor Gaol thej 
suffer proportionately to the Chinese and other inmates (see para. 340). 
At no time has the disease been epidemic or endemic amongst them 1 
tbe above described usual conditions of life. 

137. I have seeu but one case of beri-beri in a well-to-do Tam 
acase of Dr. Tkavkrs\ It should be bome in mind that the person ! 
question had never eaten other than the best quality of specially prepared 
Bengal rice. This freedom from beri-beii amongst the Tamil population of 
British Malaya is really remarkable in contrast witb the Chinese. * 
India epidemic beri-beri amongst Tamils is a matter of history. 

The Chinese. 

13*. Mr. \V. Ridc.es, Treasurerto theSelangor Government, formerly 
Protector of Chinese, very kindly revised the follo\ving for me. 

139. Out of a total population of 1,250,844 in the portion of the Malay 
Peninsula under discussion, 581,672 are Chinese. 

140. As regards the etiology of beri-beri these can iie conveniently 
divided into three classes, viz. : — 

1. Straitsborn, 63,403. 

2. Lowkays or immigrant coolies irom Southern Chiua twt now of 

long residence in the Peninsula. 



3. Sinkh 



bs or newly arrived immigrants, mostly frum the southern 
provinces of China. 
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141- The first ciass is made up of the childien amJ their descendants 
of the eatly Chinese immigrants, who married either Siainese or Malay 
women. The descendants of these old settlers and the newer arriyals 
intermarry; only rarely nowadays do they marry fnll-blooded Malay or 
Siamese women. 



142. The Malay and Siamese strain is therefore hliglit, beitig generally 
traced two or three generations back. The memhers of this class in sociai 
and hygienic habit approximate in most particulars closely to the pnre 
Chinese, They differ somewhat in occupation. 

143. The larger nuinber are small shop-keepers, " towkays " or 
employers of labour, masters of small plantations, clerks, and occasionally 
estate coolies. It should he remembered that they rarely work in the 
tin mines. 

144. While in their social and hygienic habits they, as I have said, 
are closely akin to the other classes, they are better housed and better fed. 
They are large eaters of curry, a point in which they differ from the 
immigrant Chinese. They are never found herded together in badly built 
kongsies, as is so often the case with the members of the other classes. 

145. The members of the second class have for the most part been 
brought into the country as contract coolies for the tin mtnes. This is 
wholiy true of the third class, in which the largest number of cases of 
beri-heri developes. 

le owners make an advance of cash to gangs of 
After landing in the Peniusula they are sent 
directly to the mines. The contract between employer and coolie may be 
for six, twelve or twenty-four months. The amount of the cash advance is 
deducted from the coolies' monthly pay, till it is ali paid up. The mine 
owner sells him his rice, other food-stuffs, tobacco, opium, etc. It is, of 
course, to the employer's interest to sell him as good food as the coolie will 
pay for. In most of the large mining centres 1 have found the rice of good 
quahty, dry, and free of mould. Most of these coolies supplement the mine 
diet with fowl, etc, bought in the open market. 



147. When the coolie has paid off hts advance and terminated his 
contract he wanders from mine to mine as a labourer or ventures at tin 
washing on his own account. With tin commanding a high price he does 
nirt readily give up this occupation. There are many, however, who drop 
tin mining and take to trade as shopmen or hawkers, or as shop hands. 
Amongst this class beri-heri is rarĕ, as is also the case with Chinese engaged 
in domestic servtce, who come generally from the island of Hainan. Beri- 
beri israre Hkewise amongst rickshaw pnllers, most of whom are Cantonese 
or Hylams. 
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14H- The nielhods of tin inining are described in paras. 25—38. 
add lliat the coolie while al work is exposed during the hottest part of thi 
day to the direct rays of ihe sun, and in the di_-eper mines works up to his 
knees in water. 1 menlion this because the coolie attacked hy heri-beri 
will almost invariably give as the cause of the disease his having been so 
exposed. He will say, to account for the uBciema, " I was constantly in the 
w.uer and byand-bye it leaked into tny legs." But I have not lound it t 
be irue Oiat the worker in the deep inines contracts beri-l 
readily than the worker in shaJlow mines. 



Amongst the miiiing c.oolies it is habitual to bathe eaily i 
;il>oul three or four. This is insisted on as a rule by the 
employer. The practice is in striking contrast to that of their own home. 
In south China cold water bathieg is ahnost unknown in the house. No 
early morning bath is taken, but the Face is washed in hot water. Thesame 
holds good of the beld labourer all the year round, the class to which 
Sinkhehsas a rule belong. 



150. The Chinese lniners generally live in kongsies or clubs. 
kongsies or houses are all after one pattern. A bamework of bamhoo, 
thatched with grass or attap palm is set up to cover ground from 50 to 60 
feet wide and 100 to 200 feet long. The earth is pounded ilat to make a 
floor. Long benches, 6 feet wide, are erected and divided by a low combing 
or mosquito net support into sleeping places rarely larger than 6 ft. X 4 ft. 
Into these kongsies the coolie is crowded. If more sleeping space is 
wanted, supports are rtin across from eave to eave, Hoored in. and niore bunks 
placed. 



151. Tbe dietetic habit of the Chinese coolie is generous up t 
means. I think that compared to tlie lower class lahourers of Europe they 
are well fed. The staple is rice ; either Siam or Rangoon (see Obs. 6). 
Ttiis makes an important difference hetween the dietetic habit of the Chinese 
and Tamil. For the latter almost invariably uses rices prepared a la Bengal 
in Penang. With his rice he takes vegetables grown in the Chinese way 
and top-dressed wkh chieAy lumian exciement ; salt rish preserved locally ; 
fresh tish on rare occasions ; pork is largely eaten, and on his frequent fete 
days dried fowl. It should be noted that the Chinese, like the Japanese, 
top-dresses his vegetables. Thinking that this might be the medium of 
beri-beri infection I made it an object of study, the results of which are 
presented in Obs. No, 5. 



1 inquiry of 1,200 cases of berbberi, I have found that t 
msiders that he is better fed in the Malay Peninsula than i 



and all other peopleE 



he immigrant coolie 
r rarely eats curry o 
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other highly seasoned foods. He is also a total abstainer as regards alcohol. 
But most of them are smokers of opium ; some to excess. It is not the 
opium smoker, however. who contracts beri-beri. On the contrary, only 
aliout 30 % of 1,200 cases inquired into indulged the habit. 

154. It will be seen from the above that the Chinaman difFers 
considerably in his habits from the Tamil. I recapitulate in Tabie 7. 

155. The Chinese are tlie greatest sufferers from beri-beri : 21 ).86a 
per mille of the Colonial and Federal population. 

156. The Straits-born Chinese, who represent the higher class of the 
Chinese communities, are an exception. They are not wholly exempt, but 
there certainly is some factor in their usual social and other liabits ihat 
renders them more immune than other classes. 



157. Many of those who have resided from 3 to 5 years in the country 
give a history of having had some form of beri-beri. If ihe attack has 
been within two or three years of the time of examination the knee-jtrks 
are absent. 



158. The great majority of Chinese who contract beri-beri are Sinkhebs 
or contract immigrants. If sent to tlie old mining grounds where beri-beri 
is present the disease may be contracted by the new-comer almost al once , 
if to a new mining ground where beri-beri is severe and widespread the 
new-comer contracts the disease in from a week to several monthsdepending 
on the prevalent monsoon (see paras. 80-! ). 



. Pahang was notorious as a heri-beri centre. There, 
from October, 1898, to November, 1900, were some Soo deaths reported 
as due to beri-beri out of a total of 2,400 Sinkhehs sent in. On a visit to this 
place in November T 1900, I saw many acute cases with marked 
involvement of the Iaryn.\ and pharyn\ and with great cardiac distress 
(see para. 191). 

160. It iscertainly asingular fact that amongst the Orientals assemliled 
in the Malay Peninsula the Chinese almost exclusively contract beri-beri, 
This is true not only of the Chinese tin miner, but of the Chinese generally. 
They compose the great majority ot' prisoners in the gaols, and in these 
institutions the disease is widespread. In the Kwala Lumpor Gaol not only 
the Sinkhehs but the older immigrants contract the disease, and, what is 
nlmost unknown outside the gaol, the Straits-born Chinese are victims in as 
large aproportion as theii fellows (set paras. 336-340). 

161. This I have shown cannot be accounted for by a faulty diet or 
on any other hypothesis than association in a building intected by some 
speciric organism (s« Obs. No. 1). 
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INCIDENCE 0F HEKI-BERI 1N REGARD TO SEX. 



[62. Women are so few amongst the Chinese, who are the principal 
sutTerers from heri-beri, th;it only a relative statement may be made on this 



ifij. The following Tahle (No. 8) indicates the proportion of Males sind 
Eepiales in every 1,000 of the following races over 15 years of age. 





Males. 


Femai.es 


Europeans and Americans... 


714 


286 


Eurasians 


+82 


518 


Chinese 


821 




Malays and uther Natives of the Archi- 






pelago 


500 


500 


lamils and other Natives of India 






Other Nationalities... 


5'3 


487 



164. The proportion of Eurupean females to males is small, it will be 
observed. In the great majority of instarjces the female members of the 
European community make but short stays in the Peninsula, from one to 
three years, alternating with al)out the same length of time in Europe. On 
the whole they are generally in better health than the male population, due 
unduubtedly to the better care they take of their health, to their generally 
liying in sanitary towns rather than the risky jungle, and to their frequent 
\isits to colder Europe. 



Male Eui 



i but seldom 



beri-beri. Eemales 



166. In the Eurasian community the females are more numerous than 
males. Cases of beri- beri occasionally occur amongst Plurasian males. 
Personally I have not seen a case, and trom Tables 5 and 6 1 should judge 
that they are not often seen in the public hospilals. LSut I have been 
inlormed by Medical Omcers of long experience that a case is occastonally 
seen in private practice. 

167. Europeans and Eurasians are a rarity in the Kwala i.umpor Gaol 
where beri-beri is rife and where il is proportionately incidental to all races 
therein conhned tsee paras. 336-340). I think it not at all improbable that 
Enropeaiis and Eurasinns incarcernted in this gaol under the conditions that 
obtain in the case of Orientals would contract beri-beri. 

168. Amongst Eurasian females 1 have not seen a case of heri-beri, and 
careiul inquiry of physicians long on the spot is in favour of it being 
practically unknown. 



[(",. When the Malay community is analysed it would ind 
beii-beii is no respecter of se.\. 

170. It will he seen in the above table that Maiay niales and 

are erjual in numbers. I have pointed out in paras. S6 |fi that Malay tnaloR 
wheu in their native haunts, i.(., Kampongs far removed Irom other * 'i teote 
life, rarely conlract beri-beri, but tliat they contract beri-beri when placed in 
or near a beri-beri focus, and under conditions similar to the eonditions under 
which the majority of those who do contract beri-beri live. 

171. For instance, in infecleii institutions Iike the Knala Lumpoi I iaol, 
in the vicinity of ihe large tin mines where beri-beri i rife, etc, the male 
Malay comracts beri-beri proportionately 10 the Chinese and others with 
whom he is associated. The Malay female under like conditions 
contractsit.bi.it in a lesser proportion. I have seen tlie disease in \I,il;iv 
females in the Kwala Lumpor Gao! when the proportion lias been about 
i-:o to other Otiental fernales, and in several cases 1 haves en both busband 
and wife almost simultaaeously attacked. So that female Malays 
undoubtedly susceptible to beri-heri, hut apparently in a much snitiller 
proportion than males. 

i. Amongst the Chinese the proportion of temales who '."nmut 
:i is undoubtedly larger. Table No. 8 indicates that the proporttOK 
of Chim-se females to niales is less than that of any other race ; about 1 ta 4 

173. I have pointed out in paras. 155-160 that the Chinese mal(a 
rurnish by far the larger number of those wbo contract beri-beri. 

174. In spite of the small proportion of Chinese temales to mal s, U ri 
beri is, neverthe!ess, not rarely seen atnongst them. If the great majoiity 
of Chinese lemales lived under the same conditiuns as do the males, i.c. 
herded with them in unsrmitary lcongsies, or incarcerated iu iniected gaols or 

sylums, it is not unlikely that they would contract iieri-beri as frequently. 
Eut the greater nmnber of the feni;iles are the wives or children of the ti 
Chinese; Towkays, shop-keepers, clerks, etc. A smaller nuniber are 
prcstitutes. Anumgst the rormer class beri-beri is no oftener seen tban 
amongst males of the same class; that is rarely. Amongst prostitntes, 

intrary, beri-beri is common, and thev furnish liy far the larger number 

f cases amongst Chinese feinales. The instance I mention in (papa, 
184) illustrates this point. All the cases of beri-beri in the Cathatk 
Convent were in young Chinese females, who were either prostitutes t>r 
children of prostitutes who had been living with them. 

175. Japanese males are but few in Eritish Malaya. I have not s 
nor fonnd record of lieri-beri amonest them. On the other hand the disi 
is common amongst the numerous Japanese prostitutes in the country. 

176. Amougst Tamil males beri-beri is uncommon and it is everi rnrer 
amongst their females. This fact appears to be bound up in the l.ir^er laot 

'iat natives of India residing here rarely contract beri-beri e\cept in infected 
gaols and other institutions. 
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177. On the whoie one may conclude that females of the different races 
heTe are susceptible to beri-beri to the degree to which they Iive under the 
conditions that induce it in the males. It is not improbable that 1 
females in the tin mines or institutions where beri-beri is endemic and thej 
would contract the diseiise equally with the male. 

INCIDENCE OF BERI-BERI IN REGARD TO AGE. 



178. Tables 5 and 6 seems to ii 
rarely attacked by beri-beri. Only 
tabulated. 



that infants and adolescents are 
;s under ro years of age ■ 



179. It should be remembered, \\o\ 
children make up a relatively small 
(ut Table 4). 



?r, that in the Malay Peninsula 
nber of the total populat" 



180. The follow 
inder 15 and over 15 



l tahle (No. 9) indicates the proportion of person; 
ars of age in every 1,000 of the following races:- 





Censns 


-A 1»» 




Over 15. 


Umler 15 


Europeans and Americans 


S05 




Eurasians 


579 


421 


Chinese 


850 




Malay s and other Nativesoftbe Archipelago 


600 


400 


lamil.s and other Natives of India 


821 




Other Nationalities 


761 


235 



181. It should be remembered that the larger proportion of 
populatiun here is composed of immarried Chinese and Tamils. Thi 
Chinese immigrants do not as a rule bring their women with them. 
immigrants themselves are rarely under 16 or 17 years of age. So that 
the Chinese population is largely adult. 

182. The same is Irue of the Tamils only not so much so. 

183. Amongst Malays where the proportion under and over 
normal, beri-beri is rare, and m this particular rpiestion Malay children counl 
for nothing. That heri-beri is rare in children living in the Malay Peninsula 
must be read in the light of the above combinatioo of circumstances. 

184. The case of the last outhreak in the Catholic Convent in Kw 
Lumpor would indicate that the disease is not readily contracted by tho; 
under 10. In September, 1900. the last outhreak occurred. It proved t 

of a mild form. On my visit in October, 1900, there were 63 children, 
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17 boys and 46 girls, whose ages ranged from infancy to ahout 18 or 19. At 
this time there were 9 girls with slight pretibial cudema, absent knee-jerks, 
increase of myotatic irritability and of tactile areas. The youngesl was 9 
years old, another n, and the other 7 between 13 and 16. No cases occurred 
in any of the 12 infants present. 

185. In an analysis of 1,200 cases personally observed it would appear 
that the second and third decades are those of greatest susceptibility. 



INCIDENCE OF BERI-BERI IN REGARD TO 
LOCALITY AND ALTITUDE. 



186. On the map I have marked by a large black ring or a dot the 
chief mining centres ; the ring standing for gold and the dot for tin, 

187. The tin mines may be dealt with first. There is scarcely a tin 
mine in the length and breadth of the country that has not at some time lieen 
scourged with acute-pernicious beri-beri. There are afew where the disease 
is now seldom seen, there is not one where the disease is never seen. 

188. In recently opened mines such as Bentong{MapC. 5) and Sungei 
Lembtng (Map E. 5) the disease is widesprt-ad, se\ere and largely fatal. 

i8y. 1 have already mentioned {paras. 145-146) that the coolies in" 
the above mentioned mines are almost wholly Chinese Sinkhehs or newly 
arrived contract coolies from southern China ; there are also a small number 
of Malays. 

190. In the older mines such as Pudoh near Kwala Lumpor 
(Map C. 5) and in the immediate neighbourhood of Taiping (Map B. 4), 
Ipoh (Map C. 4). and Batu Gajah (Map C. 4), beri-beri is rarer. Most of 
the coolies in these mines are lowkays (see para. 140), the large majority of 
whom have had acute beri-beri from which they have app;irently wholly 
recoveredor havehad moreor lesssevereberi-beric residual paralysis foryears. 
Such residual paralytic cases swell the hospital returns hut do not much 
contribute to the death-rate. There are other old timers who have not yet 
contracted the disease. A few Sinkhehs are introduced each year to work 
in these mines, and it is generally amongst tliis class that acute-pernicious 
or acute beri-beri appears. 

191. I can procure no reliable ligures of the number of coolies who 
contracted beri-beri and died during the early days of the older mines; 
thousands, no doubt. The tin mines at Hentong may be taken as an 
e^ample of wliat occurred in the older mines. The opening up of this mine 
and the road to it was begun in August, 1897. The work was performed by 
lowkays amongst whom were many who had had lieri-beri and not a small 
number who were in the early stageofacute heri-beri recently contracted 
in the older mines. In October 1898 (beginniug of north-east monsoon) 
529 Sinkhehs direct from China were introduced and were thrown into> 
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with the infected lowkays. There was miicli overcrow<Iiug 
f the kongsies and the santtation was vile. Defecation was performed i 
common receptacles near each kongsie, and by those paralysed by beri-be 
it was not done in the cleanest possible manner. Beri-beri broke out almost 
at once. It was the severe acnte-peraicious form ending in paralysis of 
larnyx, pharyiiJi, diaphragm atid cardiac failure. There was but an excuse 
for a hospita!, and the largest number of those contracting the disease 
remained with their healthy rellows in the kongsies. During iSyy another 
batch of 856 Sinkhehs were sent in only to be decimated liy acute-pernicious 
lieri-beri. In igoo, 915 more arrived and they also were widely and fatally 
attacked. During 1901 abont roo Sinkhehs were sent in ; these also paid 
toll to the disease. Of the whole number 2,424, no less than 764 died of 
beri-beri, while 30 % of the remainder were attacked but recoiered or 
remained in a condition of beri-beric residual paralysis. No Sinkhehs were 
sent to tbe mine after April, 1901. The old kongsies were burnt and new 
oaes were built and the genera! hygienic conditions iinpmved. Beri-beri 
began to die out, and on my last visit in 1902 the state of liealth in the 
mines was in violent contrast to my first visit in 1900. No mine mauager 
with such a lesson as tbe above in view will engage Sinkliehs tmless com- 
pelled to. To Dr. J. D. Gimi.ktte I am indebted for thc hospital and other 
returns of cases and deaths from beri-beri in Bentong. He says " that in 
tyoo the number of cuses that actually occurred was 234 of which 187 or 79.9 
died. 133 cases occurred during ihe north-east as against 101 cases during 
tbe south-west monsoon." 



192. lt is worthy of record that the kind of mining done by the 
lies has no relation to the number of cases of beri-beri. Where the 
:ase prevails it prevails equal!y amongst the surface workers and those 
t work in the deep excavations. Within the last few years shafts have 
been sunk and tunnels run to procure tin. But the coolies employed at 
work are not proue to beri-beri. 



193. At the Tronoh Yalley Mine, shatts have been sunk as deep as 1 
luit bo beri-beri has heen known in the mine for some years past, except 
otie bad outhreak in IOOI. This occurred in a kotigsie where were herded 
rge number of surface working sinkhehs. It was altogether connned 
to them, none of the lowkays contracting the disease. Those wbo con- 
tracted the disease were sent to hospital, a new kongsie was IWiilt on higher 
gromid. the healthy men removed to it, and the old kongsie bmued down. 
Beri-beri ceased almost immediately. The same diet was birnished by a 
mtractor to all coolies alike. It is a remarkable fact that this mine is 
holly free of arsenic. 



194. In the gold mines chieAy situated in Pahang beri-beri is 
frequently conlracted ; perhaps it is proportionately as severe as in tlie 
nines. The conditions under which the coolies labuui are somewhat 
simikLi to those seen at the tin mines. There is not, however, so mucb 
exposure to the elements. 



lNSTlTUTION:S. 

195. Iseri-beri is or has been a scourge in nearly all public institutions 
in the Peninsula. Tbe gaols of Kwala Lumpor, Taiping, Batu Gajah, 
Pekan (Map E. 5), Singapore and Penang ; the asyiums of Singapore and 
Kwala Lumpor were or are notorious foci. I have seen it in a milcl form 
in the Catholic Coavent, Kwala Lumpor (para. 18+). 

196. I have reviewed at length the history of tlie outbreak at the gaoi 
Kwala Lumpor {s« Obs. 1). It stands as an esample of all. Once the 
disease gains an entrance it seems impossible to eradicate it. 

Ebtates. 

197. On the sugar and other estates, where Chinese are thieHy 
employed, beri-beri is rarely endemic. In the early days, however, the disease 
was oiten epidemic ; even now there are not infrequenrly short sharp 
epidemic outbreaks and thedisease then lies dormant for awhile. 



19S. Dr. H.wiland, District Surgeon, Kri; 
instance observed by himself that is instructive 



, has ftirnishei 



199. Writing under date of luth Septemlier. 1899, he says ; — 



" During the beginninE of September there wei 
Krian Districl ( Map D. z ) ; so mnch so that ihe wl 
days. Th._se lloods t)ccurred iinaiu. jusl H lnonth la 
■e almost as hnrt M [inrinj; September 



heavy nnods oier the whole uf 
sr, at the beeiniiinK of Octoher. j 



»:», The first case of ben-h =ri vas sent Iraji ths Sin [00 3en H l-.siate 011 September 
1 He wa.» a bad case with jjreat loss oi musriitar puwer. Ile had been sick lor nine 
s, antl was hrst taken ill iwii davs after the Erst Aoods. Thero were no further cases 
till' October ^th, anri tben one occurred : a mild case 

201. There was again an intenal till the 25th of Octoher. when three cases were 
odmitted. one iri the last stages of tbe riisease [acute-pcrnicioiis furm). lle had «eneral 
redema and ncute canliac dyspntea He tlied within twenty-four hoursof admission Ho 

was taken ill jnst nner th- snr.onrl llnotl liiit-en riays befcre. 

202 O11 October z3th five more cases were admitted. On November .ith four cases, 
and on Noveml># 71I) another citse. Aitoaetlier ritteeii cuses were ailmilied from the 
•estate. No olher cases t>( beri-beri hatl iieen admitled 10 tbe hospital during the year 



204. It appeara that dwing the first Hooda the water r 
2 inches in Itie konysi^ housc :nul rcmaiitetl ai this hei^ht Inr f 
The kongsie was aeain nnuded durinR ihe October noods. 

205. Durinj; the nood ibe inmates, all Chine.se. slept n 
water. After the subsidence they slept on the dirty earlhen 
with moislure Several cases of beri-beri werc lountl on thc estate and sent into hospilal 
The neighbuurinti estatc oi Sunaei t «'iiar was also rlooded. bnl the kongsiesbeing on high 
^round escaped No beri-beri occurred here. 



inths bme heen W 



infall for iSyK and 



207. So far as I can learn, no hirther cases occurred in this 
afier the suhsidetice of the Aoods and the knnirsics beoame dry. 



208. Beri-beri in the Malay Peninsula is a disease of the lowlanda, or 
apparently so. For but few people of any iiationality live at altiludes 
much over t,ooo feet. It is possible that ben-beri might develope in a large 
populalion living in the vatleys ancl Klopes of higher altitudes under nlherwise 
lowland conditions. But one fortunate eNample of such a stale of atTairs 
which has come to my notice wliolly combats such a supposition. 



209. I refer to the Sempan tin ni 
on by Chinese and Malays at altitude; 
3 feet. 



3 (Map D. 3), where 
ranging from 700 1 



ork is carried 

800 feet to 



210. On a visit to this mine iu January, i<j02, I found 110 cases of 
beii-beri above 3,000 feet. A few coohes were exainined who had taad beri- 
beri wlien working in some of tlie lowly situated niines in Pahang. One of 
them related that he began work at the ijempan mine with hen-beri 
contracted at Pudoh (Map E. 3} some time before. Shortly after going to 
the high part of llie Sempan tnine he got hetter. Helow 3,000 feet I saw 
several cases of beri-beric residual paralysis amongst Chinese and Malay 
coolies. But they had all contracted the acute disease in the mines of the 
lowland. It seems likely, therefore, that beri-beri is a disease of th"e lower 
rather than highrr altitudes. 



tallies with ohsenations made in Japan and Sur 
eJiCeption. For ai Port de Kock, the highest situated garrison c 



latter island, beri 



PtSHING VlLLAGKS. 



212. 1 have visited nearly all the rishing villages on the west c.asl of 
the Peninsula and several on the Pahang coast to determine if beri-beri was 
prevalent amongst the inhabitants. I have never found a case in such 
yillages or been able lo get a history of cases. This agrees with infonnation 
furnished me hy Government officers who frequently visit the coast villages 
on inspection duty. The lishermen are eitlier Chinese or Malays. They 
cure most if not all of ttae fish that is consumed by the Chinese tin mining 
coolies. 
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213. if acute beri-beri were rife amongst hshermen there mig... ^ 
some groimds for supposing that in the process of curing they infected tbe 
fish with the speciric organism of the disease. But this cannot be coun- 
tenanced for an instant. 

214. The curing process is simple. The fish are gutted, parboiled 
in brine for ten minutes, then dried in the sun 011 bamboo gridirons. 

Malay Kampokcis. 

My own experience of the Malay Kampongs is that l«ri-beri is almost 
uuknown in them. The farther the Malay population is removed from 
centres of civilisation the less beri-beri is seen in it. 

215. In Kampongs near Kwala Lumpor I have seen several cases of 
severe oeri-beri in both men and women. But the men have been carters 
who have travelled about the country working for Cliinese, and in frequent 
association with acute heri-berics in well known beri-beri foci. 

216. My own observations are connrmed by others. Mr. Nki.son 
Ann-andalk, who spent nine months during 1001-2 in upper Perak and the 
Siamese States on anthropological work, saw but two cases amongst 
several thousands of natives whose whole diel consists of locally gro\vrt 
rice and locally cured salt fish. 

DISCUSSION OF THE FOREGOING 1N THEIR RELATION 
TO BERI-BERl. 

Can it be positively shown that any of the above outlined local 
conditions are factors in the production of beri-beri? Geographically the 
Peninsula is in the beri-beri belt, and so far as beri-beri of Asja and 
Australasia is concerned it is centrally situateil. It is also on the great high- 
way of disease, and since the large infiux of Chine.se and Tamils began it has 
proved to be a more or less fine soil for the seeds r>f plague and dyseniery as 
well as beri-beri. 

21S. That there is any genlugical cundiiion that j>overns the beri-beri 
rate does not seem likely. The Peninsula is outside the volcanic belt, and 

>t troubied by seismic disturbance. So that it is beyond the action of 
Fierbig's theory that the operation of an assumed gas forming specific 
organisni is closely related to the curve of activity of seismic and volcanic 
disturbance. 

219. It cannot either be believed that llie geologieal tormation favours 
the residence of a specitic organism which operates effectively when the eacth 
is disturbed. For beri-beri has not been and is not at present a disease of 
the agricultural classes eithcr Malay or Cbinese. It will appear more clearly 
later on (Ohs. No. 1) that no nnneral poison can be regauled for a moment 
as the cause of beri-beri. This applies with force to arsenic. Looked at 
from any point there are compelliiiK 1'acts it^ainst a view tbat the caose of 
beii-beri is inrlnenced by any geological factoi. 



220. When meteorological conditions are examined it has to be granted 
>nce that they and the specinc factor of beri-beri are in some manner 

related. 

221. Tempcrature alone does not appear to operate, for here it is fairly 
uniform. There is, however, much ground for believing that the north-east 
rather than the south-west monsoon contains some element which favours the 
operation of the specihc cause of beri-beri. The rainfall is greater and the 
general humidity higher during the former than tlie latter. It is probable 
that these favour the effective action of the beri-heri virus as they appear to 
do in Japan and the islands of Australasia. 

222. Altitude appears to have a dehnite hearing on the causation of the 
disease. Beri-heri is not seen in hi«h altitudes here; only in the low raoist 
valleys. The disease, too, appears to be a place disease. Into Institutions 
and kongsies which never receive tbe action of direct sunlight the disease is 

troduced and there it holds more or lews complete sway for years, in spite 
of all efTorts to eradkate it. The reason of this is to be found in the action 
of a specihc organism that operates on persons in close association as will 
appear later, That the disease is sharply circumscribed to shaded, damp 
foci, is, I think, due to the fact that the organism is of low vitality and 
quickly destroyed hy the action of direct sunlight. 

223. It will be recognised by the casual observer that in the differences 
in the dietetic and other habits of the various races here, there is a vast 
opportunity for speculation as to the cause of beri-beri, and as to why one 
race(the Chinese) should be so prone to the disease, while other Oriental 
races (Malays, Tamils and other Indians) largely escape it. 

224. For instance, one has only to assume that the direct cause of heri- 
beri is due tr> a speciric or^anism whicli gains entrance to the hody through 
tbeskin, and that oiiinj; llie lallt-r fflicUiullv cxcludes it. On this assumption 
it could be argued that the vast majority of the Tamils of British Malaya 
escape beri-beri because of their hahitual oil hath, and that the Chinese suner 
severely because they do not take an oil bath. Such an assumption is 
trivial in view of the fact that Tamils and Telegues have suffered from severe 
epidemics of beri-beri in their native habitat where the habit it is assumed 
protects them here must be more strictly in vogue. In the Madras 
Presidency there is to-day a focus of endemic beri-beri. 

225. Further, one might assume that beri-beri is due to a specihc 
organism that developes on growing rice, and that Tamils who escape the 
disease do so because by their niethod of preparing their rice the organism 
isdestroyed,and that Chinese, on theother hand, contnict the disease because 
they eat rice not so prepared. Dr. L. Braddon, the State Surgeon of Negri 
Sembilan, is a strong advocate of this theory, and he brings forward many 
locally observed facts to support his view. But they are entirely thrown 
out by a wider experience of beri-beri. For instance in Rangoon the Tarails, 
Telegues and Chinese eat the same rice as eaten by Chinese here, yet the 
Tamils and Telegues furnish 00 % of the cases of beri-beri, while the Chinese 
altogether escape. 
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226. If it is at once recognised that all these races are susceptible to 
beri-beri, and have at one time or another had it either epidemically or 
endemically in their natural habitat, no theory will for a moment be based on 
differences in racial habits, but a special cause will be sought, which may and 
does often act generally on a whole community irrespective of sex, race, age, 
occupation, dietetic and other habits. 

227. It seemed to me that if one were given a focus in which beri-beri 
had been long epidemic or endemic, where regulations in the matter of sleep, 
wprk, diet and personal hygiene could \>e uniformly applied to a mixed party 
of Malays, Chinese, Tamils and other Orientals, it might readily be determined 
what etiological theory of beri-beri best fitted the facts. With the above 
conditions guaranteed it seemed to me possible that many of the theories put 
forward to account for beri-beri could be excluded, and the question at least 
narrowed to a working hypothesis that would be generally accepted. The 
following observation was made under such conditions. 
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Observation No. 1. 



v Ga< 



i Lti 



ip.jr ).n: 



stich an inquiry into the etiology ot' beri-beri.. 
endemic and frequenlly epidemic since eight inonths after the gaol was 
• tpened in January, 1^05. The daily average of prisoners is between four and 
lumdred, tlie yearly record of beri-beri is rarely less than one hundred. 

229. Up to May 3. 1901, many of the prisoners were employed al 
extra-mural road-making and other work.and it was impossible to say whether 
they contracted beri-l.eri as the result of sonie extra-imiral agent or an agent 
intrinsic to the gaol itselh 

230. 1 determined to have all the prisoners cunlined to the gaol, to place 
dinerent nationalities on as unirbrm a diet as was consistent with 

their habits and under as nearly as possible uniform conditions in regard 
to work, personal hygieue and daily routinp. 

131. The Resident-General, Mr. W. H. Trbacher, C.M.G., placed the 
gaol at my disposal on the latter date to make au experintental observation, 
in which 1 proposed to detennine : — 

ist. If the disease was contracted intra-murally, or extra-murally by 
prisoners engaged on work beyond the gaol walls. 

2nd. The value of certain diets as etiological factors. 

3rd. Wltether or not a racial immunity existed. 

1 hoped by a process of elimination to he brought lace to face with the 
prime causal agent of beri-beri. 

232. The value of my observations are enhanced by an obsenatioa 
made by Dr. E. A. O. Tkavi;rs, State Surgeon of Selangor, before my 
arrival in the Peninsula, and the whole subject is rnade clearer hy the 
medical liistory of the Old and New gaol he has furnished me with. 



233. I tjuote Dr. Travl:i<s' memorandui 
I lead up to my own observations. 



The Old Ga( 



here. it v 



r the ground 



^4. " Up to january. 1K95. all prisoners in the Slaie ot Selangor were kept in the 
Olil Kwala Lumpor Gaol Tliis was simated on a small hill about 1S0 feel above sea 
level and was surrouiidci.l l>y "i"rn ;;r;isv,- Ijimi. rtit- lniildiiii;s cnnsisted of two large blocks 
. 4 •eparate cells, made pnrtly nf wood and panly of bnck. the ouiside walls being of brick. 
The Aoors of all cells, with llie ocception of ib.>sc 011 thc ^iimiiii lciel. wereof wood. There 
wcre three small association wards, an adminislrjition block. and an inurmary, the latter 
being constructed of wnod with attap palm rooi" Tbc yaol liuildinRs were surrounded by 
brick wall about n feet high. 
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The New Gaol. 

235. "This is situated about ij miles from Kwala Lumpor on an open grassy hill 
about 160 feet above sea level. The gaol wall is bounded on the N. W. by open grass 
land, on the N. E. by the main road to Pudoh, on the S. W. by open grassy land, and 
on the S. E. the grassy hill slopes rapidly away to low-lying swampy land used by Chinese 
as vegetable gardens. 

236. '* The piece of ground enclosed by the gaol wall was for many years used as a 
burial ground for Chinese, and over half its extent was studded with graves, some of them 
being very old and others of comparatively recent date. Altogether some 400 corBns and 
remains, in varying stages of decay, were taken out of the ground when the gaol wall was 
built. 

237. " The Chinese buried on the gaol site had been for the most part employed in 
the very extensive tin mines in the neighbourhood. It is not probable that many of them 

•died from beri-beri. I can discover no history of any epidemic in the neighbourhood, and 
.am told by those who know that there were very few cases of beri-beri in the mines when 
the cemetery was in use." 

Prison Diets. 

238. To Dr. Travers I owe details of the prison diets of the old gaol 
from 1892-5 and of the new gaol from 1 895-1 901. 

They are as follows : — 

Table 10. 
Scale of Prison Diets for Orientals, 1892. 





j Simple 


Rigorous 


Penal 


Punishment 




! Imprison- 


Impnson- 


Diet 


Diet 


Articles of 


Diet. ment. 


ment. 










No. t. 
Oz. daily. 


No. 2. 

1 
Oz. daily. ' 

2ll 


No. 3. 


No. 4. 






Oz. daily. 

2I i 


Oz. daily. 


Rice * 


... ... 


21* 


21* 


Salt Fish 


• • 




... j 4 A 


4 B 


>> 


>> 


Fresh Meat ... 


• • i 




1 
••• 1 >> 


5*C 


>> 


>> 


Vegetables . . . 


• • < 




5* D 


5* D 


>> 


>> 


Beans or Dhool 


• • t 




6f E 


6f E 


>> 


>> 


Curry stuff ... 


• • 1 




... ! 1 


1 


>> 


>> 


v3cLX L * • • • • • 


• • t 






>> 


>> 


I 


I 


Kachang Oil + 


• • 






>> 


>» 


>> 


>> 


Bread J 


• • i 






5* 


5* 


5* 


5* 



A Every day. 

B Three times a week, viz., Monday, Wednesday and Friday. 

C For Chinese, 2§ oz. pork and beef mixed, for Malays beef only ; four times a week, viz., Sunday, 
Tuesday, Thursday and Saturday. 

D 2 oz. must consist of sweet potatoes. 

E Beans must be cooked according to instructions. 

* Including 6 oz. for Congee at 5.15 a.m. 

t Coconut oil to be used for Malays and Hindus. 

t Bread should be baked the day before. 



ij 
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Table ii. 



Scale of Prison Diets for Orientals, 1893. 



■ 


A 


Ai 


B 


c 




Articles of Diet. 


Ordinary 
Diet.' 


Ordinary 
Diet. 


Penal 
Diet. 


Punish- 
ment Diet. 


Remarks. 




Oz. daily. 


Oz. daily. 


Oz. daily. 


Oz. daily. 




XvXvs\7 • • • • • • 


H 


H 


20 


18 


Including 6 oz. 
for Congee at 
6 a.m. 


Fresh Meat (in- 
cluding bone) ... 


6 


6a 


» 


» 


Goat for Indians, 
beefforMalays, 
beef and pork 
alternately for 
Chinese. A. 
Once a week. 


Fresh Fish (in- 
cluding bone) . . . 


4 


4 


>> 


>> 


1 


Vegetables 


7 


7 


4 


" 




Beans 


5 


5 


5 


6 




Dholl 


2 i 


2 


>> 


>> 




Coconut Oil 


I 


1 


>> 


» 


For Chinese, 
I n d i a n s and 
Malays. 


Curry stuff 


»> 


>> 


1 


>> 




Ocli L • • . • • • 


>> 


>> 


i 


1 




Pepper 


>> 


>> 


>> 


»> 




Salt Fish 


>> 


4 B 


>> 


>> 


B. 6 times a 
week. 


Wheat Flour 


44 


4* 


4i 


4i 
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Table 12. 



Scale of Prison Diets for Oritntals, 1895. 



Articles of Diet. 



B 



Ordinary Penal 



Punish- 



Diet. 



Diet. !ment Diet. 



Remarks 



Rice . . . 



Oz. daily. Oz. daily. Oz. daily. 



19 



20 



18 



Including 6 o/. 
for Congee at 
6 a.m. 



Fresh Meat (including bone) 


6 


»» 


»» 

• 


Goat for Indians, 
beef for Malays, 
beef and pork 
alternately for 
Chinese. 


Salt Fish (including bone)... 


4 


>» 


>» 




Vegetables 


7 


4 


" 




Ji /ydllO • •• ••• ••• • • • 


>> 


5 


6 




Dholl... 


2 


»» 


>> 




Coconut Oil ... 


1 


»» 


>> 


For Chinese, 
Indians a n d 
Malays. 



Curry stuff . 
Salt ... 
Pepper 
Bread... 



>> 



>» 



>> 



4* 



>> 



>> 



4* 



>> 



4* 
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Table 13. 

Scale of Prison Diets for Orientals, 1899. 



Articles of Diet. 



H 

Ordinary 
Diet. 



1 J 

1 

Penal i Punish- 
Diet. iment Diet. 



Rice ... 



Fresh Meat (including bone) 



Salt Fish (including bone) 

Vegetables ... 

J3eans ... ... * . . 

Towgay 
Coconut Oil 



Curry stufF 
Salt ... 
Pepper 
Bread 
Firewood 



Oz. daily. 



19 



>> 
2 

1 



>> 



>> 



>> 



Oz. daily. Oz. daily. 



20 



>> 



>> 



>> 



>> 



i 



» 



4* ! 4* 

1 

3 catties ; 3 catties 



18 



>> 



>> 



>> 



>> 



>> 



>> 



>> 



4* 

3 catties 



Remarks. 



Including 6 oz. 
for Congee at 
6 a.m. 

Goat for Indians, 
beef for Malays, 
beef and pork 
alternately for 
Chinese. 



For C h i n e s e , 
Indians a n d 
Malays. 



239. " This scale of diet is for all native prisoners sentenced to imprisonment with 
hard labour for periods of three months and under ; it is also to be adopted for three days 
in each week (Monday, Wednesday and Friday) during the nrst six months of their 
sentence : — (11) for all short-sentenced prisoners with sentences of more than three months ; 
and (b) for all revenue grade prisoners with sentences of more than three months ; and 
(c) for lower grade prisoners." 

240. In 1899 a revised diet was brought into use, details of which are 
as follows : — 
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Table 14. 

Scale of Prison Diets for Orientals, 1900. 



Articles of Diet. 



j 

Ordinary 
Diet. 



K 

Penal 
Diet. 



Punish- j 
ment Diet 



Remarks. 



Rice ... 



Oz. daily. : Oz. daily. 



Salt Fish (including bone) 
Vegetables ... 

Towgay 

Coconut Oil ... 



Curry stuff ... 

v3cvl L ... . * • 



Firewood 



21 



1 
Fresh Meat (including bone) j 6 a 



22 



>> 



Oz. daily. 



22 



>> 



6 B ! 




>> 


>> 


7 1 




5 


>> 


! I 








2 

1 1 




2 


>> 


; . 1 1 




>> 


>> 


! 

, >> 




1 


>> 


i 




* 


i 


\ 3 catties 


3 


catties 


3 catties 



A. 3 times a 
week. Goat for 
Indians, b e e f 
for M a 1 a y s , 
beef and pork 
alternately for 
Chinese. 



B. 4timesaweek. 



For Chinese, 
Indians a n d 
Malays. 



241. " This scale of diet is to be adopted for all native prisoners sentenced ta 
prisonment with hard labour for periods of six months and under." 
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242. It is evident th.it these diets are well balanced and generous escept 
in the case of short sentence prisoners. As it is not usual for the latter 
grade of prisoners to oftener contract lieri-beri than long sentence prisoners, 
it does not appear that punishment diet can be regarded as a factor 
in producing the disease. Tbis will more positively appear as tbe result of 
my own observations. 



Me 
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244. " Up 10 ihe year ititi.) all jnis' iicrs were kepl 111 the Old Kwala Lutnpor Gaol " 

245 " On January isl, 1895, all prisoners w 
Old Gaol was lemporarily nlmnrlnnrtl, wiih ihe ex 
patients were senl imtil March -jdth following " 

246. " So long as tbey were contined to the Oid Gaol tbe healtli of the 
prisoners left nothing to be desired, as may be seen from the fallowing 
tigures : — 







Nn 




f all 








A.erageYe 


ir Strength. 


Dis 


[nlirmary 


ri in 


Case 


ofBeri-heri, 


Cases of Mortality 


tSgi 






235 




6 


2 -93% 


iSg2 


'77 




345 






6 


3- 18% 


l%3 


283 




507 






2 


i-97% 


'«9+ 


2*5 




5°fr 






3 


2.76% 



?47 " No cases of beri-beri ortiiinattJ in the Okl Gaol, and ihose prisoners who were 
admiltetl to it suHering from the rlisi.-nw rajritlly i^ruiererl No rieath from lieri-beri 
occurred while the prisoners ui?re In-ing in ihe Old Gaol." 

248. " During tbe year 1803 a gang of prisoners was sent daily to the 
New Gaol site, wbere they helped to clear up tlie long grass wiibin tbe walis 
and also to dig foundations for the maiu bnilding. Tlieir tood was cooked at 
and sent out to them from the Oid Gaol." 

24g. " ln i8g4 an average of 1 17 piisoners was empioyed at the Kew 
Gaol site. They were occupied chietiy at masonry work, stonebreaking,- and 
later in levelling the yard in front of A and U block (Diagram 1) and 
round the west and soutli sides of the innrmary. Tbey slept in temporary 
wooden association watds on the site of the present building. The prisoneis 
employed on this work were as healthy as those working at the Old Gaol." 
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25°- "At the time of the removal o( the prisoners to the New Gaol on january i! 
the New Gaol buildings were not completed, and the majority of Ihe prisoner 
therefore, employed ir 



251. "Throughout the year 1895, a large gang of prisoneri. wasengaged 
in levelling the whole of the varions gaol yards. The prisoners slept on plank 
beds which lay on the cement floor of the ceils." 



252 "During the first quar 
is uot good, a. large number of 
artality rose to 60 %. The cast 



-.r of the year 18135 the pmeral health of the prisoners 
ases of dysentery and diarrhcea occurred, and the case 

m.jrtiility for the second quarter was 7 %." 



! 55 " t> n Atii(i.isi 101I1 uiioliT.i. ijri^kr onl, aii.l durins llie tullouii]^ u-n days 1211 cases 
occurred, causinK 68 deatha. Thia outbreak was distinctk iriiceatile tr> ^ater-supply, No 
new casea occurred after the introduclion of an enlirely iresh sgpply of water from a bill 
resers'oir, about eighl milesaway ."' 

254. " Dnring the rirst half of the year i8y5, seventeen prisoners were 
admitted to the New Gaol suft'ering from acute beri-beri, but no cases 
originated in the prison itself." 

255. "The first case of beri-beri, reported as having been actually 
contracted in the New Gaol, occurred 011 August 3rd, 1895. Anuthcr waS 
reported on the 7th, and two others on the 26th and 28th of the month. In 
September 32 cases occurred. All these cases werc treated in the New Gaol 
Innrmary and proved to be of a most tatal type, causing thirteen deaths 
during the month." 



is case mortality fmm beri-beri during the mar 

is aniiinsi 1) oo";, at the District Hospital, Kwala Lum 
,vere treated. with 32 deaths " * 




e of the 



:h of beri-beri prcsHTit a lesion ot lhf sir.imacli iliuI small gut that poi: 

sively to the coutenta of thoae pnrt^ as Lhe an. j ;i in whicli occurs the multiplici 

rganism antt the elahoration of its toxin Ii is altogether likely tha 

which was trad-tl ■ ln; cholcra unilirs-.ak ,1,15 also in part the original st 

■i-beric infection. All Ihe facts Ihat I have been able to obaerve tenrl to contirm s view 

it the specific organism of beri-beri is of low resisting power and that lt is quick)y 

destroyed in the presence of sunlight and oxvgen It would, thereforp., not remain as a 

nation of water for a long period In triis connection it should be recalled that the 

lutbreak of beri-beri that occurreri at Manila in iS.S j-j fu]]mved hotly on the track 

vere outbreak i>l" chuh-ra (sr< Kunii.-.eii, Heri-b«ri in Manila. Iiputch. Arch. i 

Kliu. Med. XXXIV, 1884). That the oulbreak of beri-beri did not cease when the new 

water supply was turned ou to the New Gaol is to be accounted for by the fact that Ihe 

cells of the prisoners had in the meantime become infected. 
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Yj. " Arrangements were iheri made to tr/anster all convicts suSering from beri-beri 
infirmaryat the Old Gaol. The beneĔcial results of this were at once apparent, 
e well shown by the following figures; — *' 



Month. 


Cases 

Admitted. 


Percentage of Deaths. 


September 

October 

November 
Pecemher 


32 

35 

2 3 
25 


31.7 cases treated at new Gaol 
15-5 

6.1 at old Gaol 

4-2 



253. "On October 2ist, 1S95, 60 apparently healthy prisoners were 
sent back to the Old Gaol, and a gang of irotii 90 to 125 were kept there 
til) July, 1896." 

259. " The prisoners sent to the Old Gaol were not especially selected, 
except that no convict showing symptoms of beri-beri at the time was 
transterred. These prisoners kept in good health, and no fresh cases of 
beri-beri occurred among them during the time that they were at the Old 
Gaol. The,average number of prisoners at the New Gaol during the same 
period was 289 ; 345 l cases of beri-beri were admitted to the Innrmary 
irom amongst them." 



1 The 345 cases mentioned by Dr. TravEhs represent admissions, not new cases. 
The actual number of new cases who contracted beri-beri are contained in Dr. A. j. 
McCt.oskv's report to Dr. Thavers. Dr. McClosky was in medical charge of the gaol 
fromitsopening until the end of 1897 and, too late to insert it in the text, I find in Selangor 
correspondence an able review of the whole sitnation by Dr. McClosky. I am sure that 
Dr Trave«s will not object ifl give Dr McClosky credit for the iollowing data:— 



St, 



; Nei 



Sept. Ocl. Nqv, Deo ; jan. F?b. Mar Apr. May. jgnc. Tota 

e«Cas'-BcoiitracIBduiGaDl 33 33 n 12 jfi 4} 30 ii 5 8 ji 

tbWMti , J 2 ♦ 9 l5 «I 33 I 



Dr. McClosky informs 
the disease had only recently 
that passed into the gaol. 



( -to ) 

" Advamage was taken 6f tlie opportunity presented for experi- 
ment by the residence of a large number of prisoners at the Old Gao), 
to test the possible inrluence of water supply on the outbreak of beri-beri. 
The pipe water supply was cut o£f the New Gaol and turned on to the Old 
Gaol, on April ist, 1896, the prisoners at the New Gaol being supplied with 
water from wells. This arrangement was continued untii july 7th, 1S96, 
during which time 110 cases of beri-beri originated in the Old Gaol, but 1 1 7 
cases were admitted into the inhrmary at the New Gaol." 

■• The prisoners suffering from beri-beri, who were transferred from 
the New Gaol lntiTmary for treatment at the Old Gaol on Octoher rst, 1S95, 
and the healthy prisouers who were transferred on October 2 jth, 1895, to the 
same building, were fed on exactly similar rations as those remaining in the 
New Gaol. The food was cooked and prepared in the New Gaol together 
with that for the other prisoners, and was carried twice daily to the Old Gaol 
iu a hand cart. This arrangement continued until December i^th, when 
raw rations (with the exception of rice which was sent direct to the Old Gaol 
by the Contractor) were sent daily from the New to the Old Gaol, and were 
cooked in the latter uuilding."' 

262. " The rapid improvement in the condition of the sick prisoners 
after their transfer to the Old Gaot, and the excelleut health enjoyed by ihe 
prisoners transferted from the New Gao! for a period of nine months during 
which the convicts remaining at the New Gaol were very severely attaekw 
with beri-beri, is remarkable as showing that, in at any rate this epidemic, 
d and water supply had 110 bearing whatever on the causation or progress 
of the disease." 

263. " In July, iHgG, the nutnber of tresh cases of beri-beri in the New Gaol haiinj; 
been considerably reduced, and as the arr;irif.'cmct]t whereby the prisoners were detained 
different institutions more than a mile apart was an extremely incomenient one, all 
srs were removed from the Old Gaol and sem back to the New Gaol." 

4. " Duritu; Au^iust. ta-jO. 15 new i\ise> ijcciirrtd, wiih une iWth. In Septrmber the 
r of cases increased lo 50, with eight deaths. From September uutil March, 1897, 
mber of beri-beri cases shnwed litlle varialion " 

5. " In April, 18117. however, agreat reduction occurred, 
doath heing reported, In Septemher thc nuniber of cases increa; 

1 prisoners nsre .-ttiaclieij, lollnwed by 16 deaths." 

266. In 1898 there were ouly 73 cases of beti-beri, with two deaths. 
This is attributed by Dr. Travebs to his having thoroughly sprinkled the 
gaol yard with i-iooo perchloride solution, and to his having washed the 
cells with lime wash containing perchloride solution 1-1000. I find that the 
mercury solution was mixed in kerosine oil tins. Its strength must have 
been considerably reduced if it was not rendered inert by the reactton 
between the tin and mercury salt, so that it is scarcely apt to attribute 
the large reduction in the numberof cases as instanced in Table. No. 17 to 
the disinfection alone. 
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Table 17. 



During six months pre- 
vious to disinfection of gaol. 

During six months sub- 
sequent to same ... 



No. of fresh 

casesof beri- 

beri occur- 

ring in gaol. 



No. ofdeaths 

from beri- 

beri in gaol. 



185 



34 



34 



Nil 



No. of cases 

of beri-beri 

admitted to 

District 

Hospital. 




No.ofdeaths 

from beri- 

beri in 

District 

Hospital . 



232 



74 



267. On inquiry I found that the disinfection was begun in late 
December, 1897. Allowing for an incubation period of from 10-20 days it 
would mean that the result of such disinfection should be recorded as having 
begun to manifest itself about February ist, 1898. 

268. As the result of my own experience (Table No. 29) and so far as 
I can extract solid fact from the Gaol records it is during February and 
March that the natural fall in the number of cases of beri-beri begins, so that 
it is rather misleading to compare the decline in beri-beri during the six 
months (February to August) following the disinfection, months when beri- 
beri naturally declines, with the other six months (August to February) 
when beri-beri naturally increases. 

269. During the year 1899 the improved health state of the gaol was 
maintained, 81 cases being recorded with a death rate of 8*64 %. 

270. I have tried to analyse the hospital records to find what percentage 
of the cases recorded by Dr Travers were contracted in the gaol itself or 
while the prisoners were engaged at extra-mural work. It was impossible 
to determine this ; statistics bearing on this point not having been kept. 

271. The year 1900, when I began my own observation in the gaol, saw 
a decided rise in the beri-beri curve. The disease took a leap forward, 
122 cases being recorded, with 7 deaths. 



272. During the year many of the prisoners were engaged on a new 
roadway that ran through an old Chinese burying ground which in all 
probability contained the remains of some who had died of beri-beri. This 
was a circumstance that vitiated any attemjDt to determine whether the 
cases originated intra- or extra-murally. 
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273- To positively eliminate all the dubious points I, as mentioned 
above, determined to conline all the prisoners to the main part of the gaol, 
except a smal) party, and put them under as unifoim conditions as possible 
with regard to diet, personal hygiene, work and sleep. The following 
plan was effected, 

274. It appears to be true that the great majority of cases of beri-beri 
occur in the Malay Pemnsula during the north-east monsoou, !.<:., during ttle 
months from September to April. It is certainly true of beri-beri in ihe 
Kwala Lumpor Gaol. The original outbreak began in Angust, 1895, and 
*n the folIowing years the vast majority of cases originated between August 
.nd May. Original cases of beri-beri do certainly crop up in llit- «aol 
between April and September, but the larger number of cases seen uurmg 
the south-west monsoon aie really cases of more or less severe beri-beric 
residual paralysis. For this reason it was advisable that my observatiOD 
shonld begin with one mousoon and end with the other. I chose the begin- 
ning of the south-west monsoon blowing between April and September- 
It permitted the prisoners lo be on a high grade diet for a tirst si\ nn,nths 
during which, under ordiuary circunisiances, few cases of beri-beri originate. 
I''urther, it prepared them emciently, if a normal diet could do so, t>. uitli 
stand the onset of any other factor, meteorological or otherwise which seems 
to exist in associalion with the contrary monsoon. 

DlSTRIBUTION' Ol- PtdSONKRS. 

On May 3rd, 1901, I made a physical esamiiiation of all 
prisoners in tlie Kwala Lunipor Gaol, and took their history both previous 
to and after incarceration, to ascertain those who at the time had. or liad 
had beri-beri within 5 years, whether contracted within or without the gaoL 
Of the whole number of prisoners 101 had had beri-beri. 18 of them still 
bearing dehnite signs of beri-beric residual paralysis. Tlie 101 prisoners, 
to be known hence as Party No. 1, were placed in D Hall and tbe 
Left Centre Block to sleep; and to work on rotan in shed A (Diagram 11. 

276. Party No. 2 was composed of 113 prisoners who did not then 
have, and who never had had beri-beri. It was placed in Halls C and B 
and the Right Centre Block to sleep, and in sheds B and C to woi k M 
rotan (Diagram 1). 

277. A third party, to be known as Party No. 3. was composed oi j 
prisoners who at the time did not have and never had had beri-beri. It was 
placed in the cells of the Administration lilock to sleep. It should be stated 
here that no case of beri-beri is known to have originaied in this block. Tbe 
work of Party No. 3 was wholly extra-mural ; giass cutting and water carry- 
ing at the gaoler's and warder's quatters just outside tbe main gateway. 
This party averaged about 36 during the eleven months of observation. Its 
strength was maintained by alloting to it prisoners from Party No. 2 whoon 
incarceration were found to be"free of signs and history of having had beri- 





1 



jd 
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beri. The whole party was specially watched to prevent any member of it 
irom supplementing his gaol diet. It was not possible For any prisoner in 
this party to get food surreptitioiisly. 

278. A fourth party, to l>e known as Party No. 4, was composed of 
about 33 cooks, dhobies and tailors who had had more or less severe beri-beri 
in the gaol but who had almost wholly iecovered. I was, in vjew of their 
having had beri-beri, warranted in regarding them as, to a large degree, 
immune. During the day they were employed in the kitchens and laundries. 
At night they slept in ihe north end of Hall A. This party scarcely 
changed during the eleven months' observation, all of its members being 
long sentence prisoners, 

279. All prisoners committed to the gaol between May 3, itjoi,and 
April 1, 1002, were strictly examined for signs and questioned for a history 
of beri-beri by Drs. Gkrkahd, Gimlf.tte or myself. Those with signs 
or history of havin« had the disease were allotted to Party No. 1, those 
hee of beri-beri to Parties No. 2 or 3. By thus dividing the prisoners I 
hoped to reduce to a minimum the possibility of contact and perhaps 
infection of Party No. 2 by newly incarwratecl prisoners admilted with 
acute beri-heri. Party No. 2 was iurther prntecied liy the immediate Irans- 
ference to Party No. 1 of any memlier of it who developed acute beri-beri. 

280. Except the members of Paity No. 4 noprisonerscummitted to ihe 
main gaol came beyond tlie gate K (Dia^ram 1) till discharged. No member 
of Parties No. 1 and 2 came into direct contact with each other during the 
wholeeleven montlis' ol>servatioi) except those of Party No. 2 who developed 
acute beri-beri and were immediately passed to Party No. 1. Their food was 
brought to them by member^ of Party No. 4. 

281. OwitiK to the difficulty "1 getting r tmthiul bistory fiom Orientals 
I made it a rule that if a prisoner of any nationality gave a doubtlul hislory 
of having had osdema or lameness he was to be allotted to the beri-beric 
Party No. 1. As a result of this several cases of sitnple ana?mia foliowing 
malaria, especially in Tatnils, were passed to Party No. 1. But these are 
excluded from the 184 cases tabulated in connection with the latter party. 
For similar reasotis about 20 Chinamen who bad had beri-beri before 
admission to the gaol were placed in the non-beri-beiic Party No. 2, and 
(.Uiring incarceration recontracted the disease or redeveloped slight paresis. 
None nf tbese cases, however, are included in the 90 that originated in this 
Party. 
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282. After segregating the priEoners into four parties my object wa; 
nder the conditions as to clothing, sleep, water supply, personal hygie 
s possible to all parties, 



The regular diet of the prisoners is given above 
s modihed as lollows on May 3rd, 1901 : — 



Ditt Scale between May yrd, 19:11, and january \st, 1902, 

... 21 ozs. daily to all Prisoners. 

Jo beef ... ... ... 6 ,, ,, ,, Malays. 

, „ ,, Cbinese. 
„ „ Tamils. 
,, „ Bengalis. 
and Sikhs. 



alternating with pork 



Ves;etables (pumpkin, peas, 

bage, etc) 
Towgay or sprouting beans 

Cocomit oil 

Curry Stuff 

Salt 



Prisoners. 



\ 



284. Tlie prejudices of the various races in the matter of diet had to be 
r&cognised of course. The Malays had buffalo beef continuously, the 
Cliinese lmffalo beef altemating witli pork, the Tamils mutton continuously, 
and the Bengalis and Sikhs 2 duck's eggs each. The dirTerence in the 
proteid elements of the diet was one of quality rather than quantity. The 
different races had their diets cooked in a kitchen ciimmon to all, but by 
members of their own race or persuasion. Tamils were not allowed their 
customary oil bath, and all races ate vegetables grown by Chinese gardeners 
and bouf;ht \ n (| le open market. 

285. The water supplied to all prisoners for drinking and bathing was 
direct from the Kwala Lumpor water supply, which is above suspiciou. 

286. The rice was a good quality of Siam or Kangoon. It was 
supplied to the gaol iii bags twice a week. I frequently inspected it and 
always foimd it sweet, dry and free of mould. Bacteriological e\aminations 
of rice direct from the bags was made several times durin;; the observation. 
Sporesof B. sttbrilis -And Asperg. iiiger were common, as in Observalion No. 4 
I found they were common to all rices. I wiis never able to detect more than 
the spores of the above organisms. But by moistening the rice with warrn 
sterilised water the spores of both mould and bacterium were induced to 

?row. The rice as supplied to the gaol was, however, always free of mould. 
he rice be/mc hrin<! delisertd to thc prisonees fyr thcir tuidiiay and evnting tneali 
was stcamcd for two and a half hottrs imder tico tttntosphcres of pressitrc, ichile that 
far the iiiorning incal was hoilcd from $ p.in. to 5 a.in. to form coagce or purridge. 
a treatment sumcient to exterminate all known organisms and deslroy 
all known toxins. Several bacteriologi<:al e\amiuations of the rice made 
after it had heen steamed under pressure and boiled proved it to be free of 
mould spores and the spores 01 B. siibtilis. The rice as delivered to the 
prisoners in the Kwala Lumpor Gaol was free of all oiganisms or to.\insand 
generally above criticism. In this connection sce Oliservation No. 6. 






287. The beef, pork, mutton and eggs snpplied to the gaol were 
regularly inspected, and ifnotup to a htgh standard were replaced by 
better. 

288. Vegetables were chiefly cucumber, yams, iettuce, potatoes, French 
beans, pumpkin and peas grown by Chinese gardeners. Such vegetables are 
in the growing stage top-dressed with huinan excreta. 

289. Much of the encreta used is collected in the neighbourhood of 
tnines and other foci of heri-beri, and it seemed possible to me shortly after 
my arrival in the Peninsula that it might be the chief medium of infection, 
assuming beri-beri to be due to a germ which gained entrance to the body 
via the alimentary tract. This assumption was suggested by the condition 
of the stomach and duodenum in the rirst twenty post-mortems on acute- 
pernicious cases. But in June, 1900, 1 made an e\perimental observation, 
outlined in Observation No. 5, to determine if the germ or its toxin was 
present on top-dressed vegetables. It does not seem so as the result of 
that observation. 

sgetables may, I think, be e\cluded as tlu- carrier of 
the gaol. ii would seem that assuming they did 
hold a toxic substance it would be removed hy the washing or destroyed by 
the two hours' boiling they underwent before delivery to the prisoners. In 
connection with this point it should be noted that heri-beri is alrnost unknown 
amongst Chinese market gardeners. Thev generally livealone or with their 
f:imilies in detacbed shacks. 

291. The towgay 111 the list isa highly nitrogenised germinating bean. 

292. The proportion of nitrogen to carbon in the above diet averaged 
about 1 in 12. This is a higher proportion of nitrogen than is generally 
recognised as normal. To those who believe beri-beri to be due to nitrogen 
starvation I will point out later that on this diet 49 original cases of beri-beri 
occurred in Party Nu. 2, and 102 had paralytic rdapses in Party No. I. Most 
of the cases occutred after the prisoners had been on the diet for four months. 

293. Iamindebted to Mr. A. B. Huhback. Architectural Assistant to the 
Director of Public Works, for certain of the tollowing details in regard to the 
structure of the gaol. 

294. The general plan of the main buildint; is .1 cenire hall from uliich four narrower 
halls (A. B C D . Diajjram 1 ) radiate The £ve halls are enclosed on the sides by three 
tiers of cells The four radiatins halls are rooled in by a closely set tiled roof with a 
lonjj median hood : the centre lia.ll is open to the sky. 

395 The cell blocks are built in brickwurk. The groond Soors are of a ilnn layer 
of concrete imposed upon a 6-inch layer >'f hn.ken bricks. The doors 01 ilie 'jpppr tiers 
are of concrete rendered wilh ccniKiu .iud carried on brick «n tic. spr;nEinR from rolled 
steel joints The cells are satistactory as recarcls sizc Vcr.t.Iat:nn 01 Ihe cells ^s 
supposed tn be edected by the lower slits 3, 5, 5 (Diaj;ram 2}. and by the arcbed openings 
4, 4, 4, on the outside and an arched opening over the doors <in the -nside As a matter 
of lact but little air enters by the slits. Tresh air nains access hy means 1 1 openiaga 
4. 4, 4, aml the \ itiaied alm.isphere is pushed into the inner closel; roofedin halls. 



296. The roofs are drained by means of pipes brought down the ii 
sides of tbe halis (see transverae section Diagram 2). They 
grouncl floor and pass out beneath it. 

297. The general plan of the gaol is taulty. As pointed < 
the openings for veatilation are inadequate ; the inipure air is Ibrced into t' 
passages and rises up against a too closely set roof. The only means o/ 
escape is by openings at the distal end of each hall or by the Centre Hal! 
which acts somewhat as a central rlue, but imperfectly. Tbe plan of bringing 
the roof drains inside the building is bad. During the heavy rains there is 
always some leakage, and this with evaporation of the rain, ihat falls or is 
drained into the halls tends to keep the giuil damp. This is especially true 
in regard to the upper tiers of cells. Atter an all night's occupation by a 
full complement of prisoners who are compelled to dePecate in Iheir cells, tba 
air of the upper Aoors is pernicious. In the radiating halls I have several 
times found a large excess of carbonic acid gas (7-8 vols. per 10,000). 

29S. In connection with this it is interesting to notc that the great 
majority of the 90 cases in Party No. 2 (vidc hifm para. 347) originated 
amongst prisoners who slept in cells of the 2nd and 3td tiers. 

2gg. The Female block (Diagram 1) is one storey high, buiit in 
brickwork with closely sel tiled roof; floor of concrete cement rendered. 
It is a closed-in building made more so by the high walls 3, 3, 3. The 
matron and 3 female prisoners have contracted heri-beri during the 
ohservation between May 3rd, 1901, and April ist, 1902. 

300. The kitchen is buiJt of brickwork with tiled roof, open sides and 
-concrete Floor. It is always kept in good order. 

301. The Administration block (Diagram 1) is two storeys high, built 
of brickwork with a tiled roof, the lower portion being used as othces, guard 
room, and store, the upper portion as a civil prison for prisoncrs awaiting 
trial. The ventilation of the cells is defective. liut being more highly 
situated and open than the main block the defect is slightly compensated. 

302. The hospilal ' ! Jinsram 1 ) i-i hnili 01 lihckimrk with tileil roo(. ll is dbided in:o 
two wards ont storey liigh ; one ward, '«i ieel lonj>, li.is a wcoden tloor about 4 fee: from Ihe 
ground, the other ward has a concrete floor, A narrow passaRe. runs about it having a 
hiRh ouler wall which materially tnterCeres wiih \entilation I will make a recom- 
mendation under this head laleron. 

303. The work sheds ( Diagram 1 ) arc buili in brickwark, are open at the sides, aad 
liii-,f tiled roofs. 

304 Shed A has ? 
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Daily Routine of Prisoners. 

306. The following is the daily routine of the Gaol : — 

307. 5 a.m. — Cooks unlocked, rice prepared and taken by them to Halls. 

308. 5.30 a.m. — All prisoners unlocked ; rice issued to them and they are then 
locked up again for fifteen minutes to eat it. 

309. 5.45 a.m. — All prisoners again unlocked. 

310. 6 a.m. — Prisoners paraded, each party in its own Hall. Parties 
are then distributed to their work. 

311. 10.30 a.m. — All work stopped. Extra-mural Party No. 3 returns 
to gaol and bathes in tank 5. Other Parties bathe hands and feet. Party 
No. 1 in tank 6. Party No. 2 in tank 5 (Diagram 1). 

312. 10.40 a.m. — Midday meal issued and Parties Nos. 1, 2, and 3 locked 
up till 1 p.m. Party No. 4 works right through till 1 p.m. 

313. 1 p.m. — Parties No. 1, 2, and 3 again paraded and distributed to 
work. 

314. ^.$op.m. — All work stopped in Parties No. 1 and 2. Extra-mural 
Party No. 3 returns to gaol. All prisoners bathe, each party at its own tank. 

315. 4.45 p.m. — Evening meal issued. 

316. 5 p.m. — Parties No. 1, 2, and 3 locked up for the night. 

317. 5.30 p.m. — Party No. 4 locked up. 

318. Clean clothing issued every Wednesday and Saturday. All 
clothing exposed to sun for a day before issue. Clean clothing issued at 
once to any prisoner who may get wet. 

319. The bad features of the above routine is that after lock up at 
5.30/.W. theprisoners must defecate in pans of earth in their cells; that the 
excreta is not removed till next morning, and that the first meal is eaten 
before the hands are washed. It is obvious that this system is hygienically 
bad. Beyond doubt it is an active agent in the vitiation of the gaol 
atmosphere, and, as I will point out later, seems to be the probable source of 
the gaol infection and of the transmission of the organism of the disease from 
man to man. Prisoners suffering from acute beri-beri and beri-beric residual 
paralysis are admitted to the gaol in large numbers ; the average length of 
occupation of any cell is short. It is more than probable that the acute 
cases infect the Aoors and blankets by means of their excreta, and that such 
infection is carried into the food of others by unclean hands. 
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Nationality of Prisoners placed in Parties Nos. I AND 2 

on May 3, 1901. 

320. Table 19 indicates the nationalities and numbers of Parties Nos. 1 
and 2 at the primary division of the prisoners, May 3, 1901. 





Table No. 


19. 




Parties. 


1 

Chinese. • Malays. 

i 


« 1 

Indians. . Total. 

i 


I 
2 


1 
99 1 2 

88 1 6 

1 


Nil 
19 


IOI 

113 



321. One fact brought out by the above table is most signiricant; 
namely, that in the primary separation of the prisoners on May 3, 1901, only 
2 Malays and no Tamils or other Indians were allotted to the beri-beric or 
Party No. 1, while 6 Malays and 19 Indians were allotted to the non-beri-beric 
or Party No. 2. The 2 Malays allotted to Party No. 1 had contracted beri-beri 
in the gaol some time previously. Before the observation was terminated many 
Malays and Tamils in Party No. 2 had contracted beri-beri and were trans- 
ferred to Party No. 1. 

322. Table 20 indicates the daily average of all parties during the 
eleven months' observation. The gaol accommodates 500 prisoners, so that 
the daily average was always within proper bounds except in February 
and March. 

Table No. 20. 
Daily Average of Parties dnring the Observation. 



Month. 


Party i. 


Party 2. 


Party 3. 


Party 4. 


Hospital. 


Daily Average. 


1901. 












May 


107.90 


220.68 


34 


4 1 


23.19 


425 77 


June 


122.43 


227.52 


34 


41 


21. OI 


445.96 


July 


119.80 


J75-24 


34 


41 


15-93 


385.97 


August 


II5-03 


I77-38 


34 


41 


21.29 


388.70 


September 


125.09 


222.04 


34 


41 


27.02 


449.15 


October . . 


130.90 


263.52 


34 


41 


26.03 


495-45 


November 


133 °6 


210.04 


34 


41 


, 23.13 


44I-23 


December 


135 32 


227.37 


34 


41 


3I.08 


468.77 


1902. 














January . . 


140.70 


227.50 


34 


41 


40.I2 


483 32 


February . . 


141.28 


245.69 


34 


41 


64.OI 


53021 


March 


M5-5I 


241.07 


34 


41 


65.67 


527-25 



533' Whb llie prisnners segregated into groups as outlined in paras. 
75-280 and Parties Nu. 1 and 2 wholly cut orT from e.\tra-mural associa- 
ion; witli the eonditions of diei, water supply, work and routine equal, 
|>servation extending over eleven montbs was begun on May 3, igoi. 

324, Dltring this time 1 \isited tbe Gaol at least twice or three tinies 
week, and kept au assistaut and interpreter there during tbe day who 
x;uuined members of 1'arty No. 2 almost daily to detect tlie earliest 
ymptoms ol beri-beri. lf a prisoner came under suspicion his previous 
isrory was taken hy niy assistant from his earliest memory lo the 
ioie he came under obserration, Tlie reports were reviewed and the 
prisoners seen by me 011 iny nexl visit. In tbis inamier I was able to 
ratch cases from their incipiency and erHciently check any errors of 
bsenation made by niy helpers. 

$2j. I11 several instances old beriberics who liad been passed into 
Party No. 2 iustead of Party No. r, developed more marked paresis, but 
iuch cases when discovered were immediately transterred to the beri-beric 
Party No. 1 , and are not included in the 90 cases soon to be analysed that 
originated in Party No. 2. When an original case was found in Party No. 2, 
1 bacteriological examination was made of the prisoners* cell but without 
riy lieing able to detect anything speciiic. Cultures from the Aoors and 
walls were attempted on agar, rice-broth, coconut water and bouillon with, 
n many instances, wholly negative results. 

326. Party No. 1 was almnst ns closely watched as Party No. 2. But 

wing to want 01 assistance 1 did not attempt, except in interesting cases, to 

nore than tabnlate the number in lliis gang (184 altogether) whose paretic 

symptoms e\tendeo 01 who re contrai :ed beri-beri. My main objects were 

"iow that prisoncis composing 1'arty No. 2 who bad been admitted 

of ber; heri could conrract :t 11: the gaol under conditions of rigid 

*xclusion from extra-mutal inrluences and under a high grade physiological 

from wbich rtsh was absent, and where the rice in regard to quality 

nd freedui rrom organisms Was ainne criticism. 



pr 



I shall hurriedly suney the result of this experimental observa- 
far as it arTects Parties No. I, 3 and 4. 



328. The general health of al 
hole eleven months of observation c 



prisoners was excellent durin; 
until they contracted beri-beri. 



329. On the primary separation of tbe prisoners, May 3, 1901, tbere 
were 18 prisoners in Party No. 1 witb signs of beri-beri (beri-beric residual 
laralysis), see Table 21. Tbe remainmg 83 had loss of knee-jerk or gave 
distinct liistory of having had beri-beri within five years, but nothing 
nore. In June a few of the 83 who had loss of knee-jerk de.veloped slight 
cedema, numbness and we;ikness. The number who continued to re-develope 
igns of beri-beri increased to the end of December and then fell orT. It 
hould be stated that about io%of all beri-beri cases tabulated in connection 
nth ihis ]>arty were admitted during the observation with beri-beric residual 
■aralysls or a bistory of having recently contracted the disease. 






i8 



33 35 



330. I need say no more of Party No. 1 than lo point out that 
redeve!opement of paresis or re-contraction of the disease occurred under 
conditions similar to those imposed on Party No. 2. All the points I propose 
to demonstrate will be served by fol!owing up the cases of beri-ben thaj 
originated in Party No. 2. 

331. Party No. 3 can be as quickly disposed of. It was composed 
wholly of Chinese. No member of il contracted beri-beri. The whole party, 
beit remembered, was underabsolutely the same regime as the other parties, 
except that it was conrined to the inore highly skuated and detached 
Administration Block and was for the greater part of the day engaged on 
extra-mural work. I have pointed out in para. 277 that no cases of beri-beri 
are known to have originated in the Admiriistration Block. I must ascribe 
the escape of members of Party No. 3 to the fact that their quarters were 
uninfected. 

332. No members of Party No. 4 re-developed more than slight sigos 
of beri-beri or re-contracted tbe disease. It should be remembered that this 
party was composed of long sentence prisoners who some time previously 
had had beri-beri and had fully recovered escept as to the relurn of tbeir 
knee-jerks and slight anasthesia. It is probable that all members of this 
party were more or I 



333. An analysis of Party No. 
that the causal agent of beri-beri as 
cellular and microbic in nature. 



, I believe, clearly demonstrate 
n the gaol is intra-mura!, intra- 



334. During May the nrst original case of lieri-beri occurred in Party 
No. 2. He was a long sentence prisoner and had been in the gaol for eighteen 
months. In June a second long sentence prisoner succumbed. It should 
be quite clear to the mind that the incubatron period of beri-beri is short 
and the length of confinement alane can have had but Httle direct inrluence 
in causing the disease (ste paras. 77-S4). From June till September isl 
five more cases originated, but amongst prisoners whose average length of 
conrinement was four weeks. 



335. A marked increase in the : 
in this party began in September a: 
During the latter month 25 original < 
of cases then set in, only 2 occurritig 



umber of cases that clearly ori^maied 
d continued till the end of January. 
ises occurreii. A fall in the numhĕr 
n March [vide infva para. 343). 



Analysis of Party No. 



336. I shall now analyse Party No. : 
beri-beri occurred during my eleven mont 



in which the 90 original 
observation. 
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. Table No. 23. 

On May 3rd, 1901, this party numbered as follows: — 

p, . ( Native-born ... ... ... ... 80 

( Straits-born ... ... ... ... 8 

X V X CL ■* C* y & • • • • • • ••• ••• ••• • • • vJ 

Indians ... ... ... ... ... ... 19 

TOTAL ... II3. 

337. It should be noted that this party contained all the Indians then 
in the gaol ; and all the Malays except two who, having contracted beri- 
beri in the gaol before the beginning of my observation, were allotted to the 
beri-beric Party No. 1. 

Table No. 24. 

338. From May 3rd, 1901, to April ist, 1902, the following numbers 
of each race were incarcerated in the gaol free of beri-beri, and immediately 
allotted to Party No. 2 : — 

p, . (Native-born ... ... 968 

t Straits-born ... ... 36 

Malays ... ... ... ... 88 

Indians ... ... ... ... 201 

Total ... 1,293. 

Table No. 25. 

339. This gives the following totals and percentages of the difFerent 
nationalities that were in Party No. 2 on May 3, 1902, or passed through it 
to April 1, 1902 : — 

Chi se fNative-born ... ... 1,048,0^71.53% 

(Straits-born ... ... 44, or 6.09% 

Malays ... ... ... ... 94, or 6.68% 

Indians ... ... ... ... 220, or 15.64% 

Table No. 26. 

Relation 0/90 cases originating in Party No. 2 to Nationality. 

rw (Native-born ... ... 70, or 6.07% 

^ mnese |Straits-born ... ... 7, or .87% 

Malays ... ... ... ... 8, or 8.51% 

Indians ... ... ... ... 5, or 2.27% 

340. All the prisoners under observation were males. It will be 
observed that the great majority of those attacked were Chinese. But it 
should be borne in mind that the largest percentage of all prisoners were 
■Chinese. The Malays really sufFered in a larger proportional percentage than 
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the Chinese ; the Indians in a smaller. The Indians were all Tamils except 
two Pathans. This clearly shows that even though Indians and Malays do 
not often contract beri-beri outside of infected institutions such as the gaol, 
they readily succumb when placed in an infected focus. 

Table No. 27. 
Relation of the 90 cases originating in Party No. 2 to Age. 

Between 20-30 ... ... • ... 46 cases 

» 3°~ 4° ••• ••• ••• 34 »> 

>> 4^ 5^ ••• ••• ••• />> 

> > 5^~ ^^ ••• ••• ••• 3»» 

Total ... 90. 

341. Beri-beri is known to occur in those between 10-20 (yide paras. 
178-185.) But offenders under 20 are rare in the Kwala Lumpor Gaol. 
The great majority are between 20-50, so that in the decades between 20-50 
it is to be expected that the largest proportion of cases will occur. Table 27 
demonstrates that the causal agent of beri-beri does not respect age. It is 
interesting, taken with the other facts, that neither nationality or occupation 
are respected. It appears to be true, therefore, that given some common 
environment where the causal agent of beri-beri exists, age, sex, nationality 
and occupation are all equally violated. In this beri-beri resembles most if 
not all diseases known broadly as infectious. 

Table No. 28. 
Relation 0/90 cases originating in Party No. 2 to General Health. 

Robust ... ... ... ... 83 

17 ainy ... ... ... ... 2 

Poorly ... ... ... ... 5 » 

Total ... 90. 

342. It is obvious from the above rigures that it is not necessarily the 
degenerate or weakly members of a community who succumb to beri-beri, 
but the strong and useml. Many half-starved prisoners with beri-beric 
residual paralysis, to which their vagrancy and pauperism were due, were 
admitted to the gaol during my eleven months' observation and allotted to 
Party No. 1. It was observed that such prisoners improved in general 
health and even recovered from part of the beri-beric residual paralysis. 
This last fact demonstrates clearly that removal from the locality in which 
beri-beri was contracted results in improvement, not because the case 
ceases to absorb the virus but because of the commoner fact that convales- 
cence in almost any disease occurs more quickly as the result of changed 
environment. 
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Table No. 29. 

Relation 0/90 cases originating in Party No. 2 to Time of Year and to 
Meteorological Conditions. 





] 

5 
z 


1 

1 

i 

fc' 

3 


1 


TWwm* 


h™»o-^ 






| 


s 


! 
i 

3 


s 


i 
1 

3 


1 


1 

I 

3 


1 

H 

1 


1 


K 


j 
1 


h 


1 

1 


june 
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1 
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78 
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343. Here, in a carefully observed series of cases, the fact is strikingly 
brought out that most cases of beri-beri develope during the north-east 
monsoon {September to May). The same fact is brought out in reiation to 
Party No. r (vide supra Table 21). It will be noticed that the raintall 
was greater in September than during any of the preceding months, and that 
thehumidity also advanced 1 to 2 degrees. The increase in the raintall and 
humidity were maintained, except in January, till the end of my observation 
in March. 
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344* 1* 1S doubtml, however, if mere increase in the rainfall has any 
direct effect in the causation of beri-beri. But it is probable that in a so 
badly constructed place as the gaol it affords the moisture necessary for the 
virile development of the speciric organism. 



Table No. 30. 

Relation of the 90 cases originating in Party No. 2 to Death-rate. 

There were three deaths only amongst the 90 cases that originated in 
Party No. 2,. 

Table No. 31. 
One 19 days after first symptoms. 



>> 



>> 



21 
101 
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» » 
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»» 



»» 



»» 



345. The death-rate, it will be seen, was not large. Many of the 

90 contracted the acute type of the disease which persisted as residual 

paralysis. Two only contracted the acute pernicious form, both ending 
fatally. 

Table No. 32. 
Relation of 90 cases originating in Party No. 2 to Time of Incarceration. 



1-7 dj 
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1 • • • 
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14-21 ,, 
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» • • • 


6 


21-30 „ 


§ • • 
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6 


30-45 „ 


1 • • 
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9 


45 days to 2 months 


» • • 


► • • • 


10 


2 months to 3 months 
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Total 



90. 



346. This analysis appears to indicate that the incubation period of 
beri-beri may be as short as ten days. It is in keeping with information 
gathered over the wider field of the whole Peninsula (see paras. 76 to 84). 
Most of the cases that occurred within thirty days of incarceration developed 
the disease suddenly and the sensory and motor paralysis rapidly spread 
from the lower to upper thoracic and lower cervical segments of the 
spinal cord. It is possible of course that several of the thirteen cases that 
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occurred within fourteen days were infected before incarceration. Against 
this, however, is the fact that eight of them were Kwala Lumpor rickshaw 
and shop coolies, a class in which beri-beri is rarely seen. 

Table No. 33. 
Relation of 90 cases originating in Party No. 2 to Position of Cells. 
42 cases developed in C. Hall, 31 in cells of 2nd and 3rd tiers, 11 in ist. 

■2Q/ >» »» -D» »» lO >> »» »» >> II >» »» 

*v " »» iv. v>. ,, an ,, ,, ,, ,, 



347. This certainly points to a general infection of the main blocks of 
the gaol, assuming for the moment that beri-beri is of germ origin. The 
Kight Centre and B Halls were not so constantly occupied as C Hall, and 
this probably accounts for the smaller proportion of cases that originated in 
the former. But it ought to be stated in connection with this point that the 
only native warders (two) who contracted beri-beri duringmy eleven months' 
observation were on night duty in the Right Centre Hall. It will be 
observed that a majority of the cases occurred amongst those prisoners who 
slept in cells of the 2nd and 3rd tiers of C and B Halls. As the excess of 
Co 2 is mostly connned to the lower Aoors it cannot be considered to be a 
large factor in the production of beri-beri unless its presence is necessary to 
the virile developement of the specinc organism. I have made this sugges- 
tion to Dr. H. E. Dukham, and no doubt he will determine its value. 



Table No. 34. 

Relation of the 90 cases originating in Party No. 2 to Occupation prior to 

Incarceration. 



Occupation for 6 months prior to Incarceration. 
Mining Coolies 
Tradesmen 
Common Coolies 
Police Constables 
Yegetable Planters 
Blacksmiths 

YwylCl i\o • • • ••• ••• 

\~j\j y ^ ••• ••• ••• 

Barbers 
Engine Drivers 
Rotan Cuttei 
Watchmen 

%j y v* C ••• ••• ••• 

Shoe Makers 
Brothel Keepers 

jTa \s l \J X ^ ••• ••• •*• 

Butchers ... 

x3cii\ei s ... *•• ... 

Basket Makers 

Total 



46 

9 

7 

5 

4 
2 

2 

2 

2 

2 



90. 
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348. It will be observed that many occupations are represented. Out- 
side an infected institution like the gaol it is rare to rind beri-beri .amon^st 
tradesmen, bakers, artisans, boys, etc. The mining and plantation coolies 
are the great sufferers. 

349. It will be remembered alsothat beri-beri as seen in the gaol is no 
respecter of nationality (vide supra para.' 340) while without it is the Chinese 
who mrnish the vast majority of cases both relatively and otherwise. 

RESULTS OBTAINED BY THE ELEVEN MONTHS' 

OBSERVATION. 

350. ist, proof that beri-beri is independent of diet considered as 
diet; 2nd, proof that the gaol itself is a focus in which the virus of beri-beri 
is generated; 3rd, evidence that connrms the vie\v that beri-beri is, broadly 
speaking, an infectious disease. 

351. This can be clearly demonstrated by a short review r of the 
observation. 

Proof that Diet per se is not a Causative Factor of Beri-beri. 

352. The diet of all prisoners was as physiologically correct as that 
provided in the Japanese Navy after 1884, and to which is ascribed the 
disappearance of beri-beri from its personnel by several Japanese authorities, 
Takaki more particularly. In spite of this physiologically correct diet it 
may be seen in Tables 21 and 29 that 49 cases originated and 123 re-deve- 
loped signs of paresis or recontracted the disease duringits continuance at the 
gaol, and that after the regular scales of diet were reverted to there was no 
increase but rather a decline in the number of cases of beri-beri. 

353. This is conclusive proof that on a diet qualitatively and quanti- 
tatively correct beri-beri is, nevertheless, contracted. It positively eliminates 
diet regarded as diet as a factor in the causation of the disease. 

Proof that the Causative Factor of Beri-beri is Intra-mural. 

354. It will, I think, be granted that the members of Parties No. 1 
and 2 were isolated from extra-mural pathogenic factors, except what — 

(a) Might be wafted in on the air ; 

(b) Be introduced in the dietetic articles; 

(c) Be brought to bear on them by a slight mediate contact with 
members of Party No. 3 who worked at extra-mural work but bathed 
at tank No. 5, though at a different time to Party No. 2 ; 

(d) By infection introduced in the clpthes or systems of prisoners 
admitted to the gaol during the eleven months of observation. 



355- All thesa and other 
eliminated liy ilie precautions 
the dietetic and geaeral liygiei 

156. ln 



exlra-mural factors were, 1 think, effeeti\ely 
I took to segre^ate Parties No. 1 atul 5 and 
ic arraugements 1 placed them untler. 

regard to (n): — If beri-beri in tlie gaol is due to a volatile 
poison or tn micro-organisnis suspended iii tlie atmosphere and wafted 
amongst the prisoners, all the prisoners would be equally exposed and 
it would be nnly ri/asonable to expect that inembers of Party No. 3 
would bave contracted beri-beri in a proportion equal to the meiubers of 
Parties No. 1 and 2. As already stated, no meniber of Party No. j 
contracteil beri-beri. So that faetor (a) is eliminated. 

357. ln rei>urd 10 (61:— 1 have intiniated in paras. 284-2112 that it was 
t possible for an infective or otlier causal agent of beri-beri lo reacli the 

prisoners in Paities No. I or 2 vi,i the dietetic articles. The rice as delirered 
to the priseraers was sterile. lnfected (ish, supposed liy some authoriliea to 
be the direct or indirtct cause of beri-beri. was absolutely excluded Ironi the 
diet of all prisoners. iufection that might have been brought abnut by tlie 
use of top-dressed vegetables is also eliminated, for e\perimental evidence 
(Obs. 5) and inquiry amongst Chinese gardeners is wholly against such a 
Purther, the vegeiables dflivered to the prisoners were so prepared as 
to destrov all known urganisiiis aml to\ms. An\ assumption that the diet of 
the prisoners looked at qualitatively or quantitalivelv was a iactor in the 
produrtion of beii-lieri in the gaol is again contradicted by tbe entire escape 
of memhers of Party No. 3, who were on the same diet as Parties 
No. 1 aud 2. 

358. To the reasonable mind it must be obvious that neither the diet 
itself was a causal factor of beri-heri or was a \ehicle throu^h which the 
causal factor of heri-hi'ii wasintroduced from without into the gaol. This 

. does not exclude the possibility that tbe prisoners who con- 
tracted beri-beri may have doue so bv infecting their food after it was 
delivered to thein. They eat with their rmgers, and I wil) later on poinl out 
that it is not improbable that it is by this means that the organism <if beri- 
beri gains an entrance to the system. 

350. Jn regard to (c): — It is not probable tliat members of Party No. 3 
cotild have introduced the causal agent of beri-beri and infected 90 prisoners 
by bathing at the same tnnk witli them (though at a different time) withoul 
one or two of the party itself contracting the disease. On the contrary it 
must be admitted that by placing Party No. 3 in the Administration Block 
and using it as I did as the extra-mural party, 1 placed an effective screen 
lietween Parties No. i and 2 and deleterious outside inAuences. 

360. I eontess that it is impossible to eliminate tlie extra-mural tactor 
(d). I know of no method by which it can be positively determined to-day 
that a prisoner admitted to a gao! or other focus of humanity does or does 
no( carry the cause of beri-beri upon or within his person. To grant that 
he does is to grant that beri-beri is an infectious or contagious disease. 
All the facts that I have been able lo accumulate point to the disease 
being infectious but not contagious. I must admit that in this one 
particular the members of Party No. 1 and Party No. 2 to a lesser degree 
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=sfully segregated From estra-mural inrtuences. 'I lus 
appears more plainly in tlie analysis of ihe yo oases in relaticin tu time of 
incarceration [iride para. 346). It will be observed tliat 13 cases in Party 
No. 2 developed beri-beri within fourteen days of admission to tlie gaol. 1 
have admittecl above that it is probable that several of tlie 13 inay have con- 
tracted the disease a short time previous to incarceration ; the thiee who went 
down with the disease within seven days at any rate. There is no duuht in 
my mvn mind that this was a large factor in the original niode of infection and 
still is a large tactor in ihe continued prevalence of the disease in the gaol. 

361. Taking all facts of the observation into consideration it must be 
admitted that the members of Parties No. 1 and 1 were successfully isolated 
except in regard to the factor (d). To recognise this factor is to confess that 
beri-heri is an intcchous Jisea.se. lt is pruhahle that certain of the 90 cases 
were admitted with infection in them, hut it is positive that the great 
majority contracted lieri-beri as the result of an infection that aiready existed 



362. Turning to Observation No. 3, an epitome of one case of acute 
pernicious beri-beriand one case otactite iieri-beri w hicli eventuated as a casc 
of beri-beric residual paralysis, it will he seen that " ta'-bidik makan " (canaot 
eat) and oppression in the epigastriLim is the first symptom complained of 
by those who contract the disease. I rind it to be most prunounced in 
fatal acute pernicious cases, and the warrant for it is the angry inAuiiunation 
and hiemorrhagic injection of the mucosa of the stomach and duodenum 
found post-mortem. I have never found the ankylosloma duodenale in any 
of these cases. Its ova was especially sought for, but was uot found. There 
can be 110 cjuestion of the innammation in these cases being due to it. 

363. The theory of the causation of beri-beri that tits the above facts 
and all others observed in LSritish Malaya is thal beri-beri is due to a 
specinc orgauism which gains entrance to the budy trid the moulh, ihat it 
developes and produces a toxin chierty in the pyloric end of the stomach and 
duodenum, and that the toxin, being ahsorbed. acts atrophically on the 
peripheral terminations of the afferent and efferent ueurones. Further, that 
thespecincorganismescapes in the fsecesand lodges in contiued placi-s tbrottgh 
accident or the careless personal hahits of those aiTected by the disorder. and 
that in the presence of congenial meteorological, climatic and artiticial 
conditions of close association from overcrowdinj:. the organism becomes 
virulent and, gaiuing entrance to the healthy body in food. etc, contuiuimited 
hy it, gives rise to an attack of the disease. The fact that the gerni remains 
so closely tbcal can, I think, be explained by its being at once destroyed by 
the action of direct sunlight or that the presence of Co 2 or some other gas is 
necessary for its virile development. It seems from my observations here 
that the active stage of the organism in tlic body is hetween three and foui 
weeks. I base this estimation on the facts that the preliminary feelingof 
oppression in the epigastrium ceasesat theend oi about tbree weeks. and that 
it is rare to fmd the lesion of the gastric and intestinal mucose in cases of only 
si\ weeks' standing. 
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364. In para. 319 1 have pointed ont thal acute beri-berics admitted to 
the gaol probably infect ibeir cells ihrough dirty habits in connection with 
defa?cation. Tbe prisoners eat their firat mea! with their hngers and in 

"r ceils before ha\ ing had a bath. It is not unlikely that it is thus that 
tf»5pecific organism gains entrance to the hody. It does not appear that 
h.e Speciric organism uf beri-beri is transmitted by a secondary host. 
lertainly not by the moso.iiitu. I have dissected some hundreds froin tlie 
<wa1a Lumpor gaol only to find theni normal. 

365. I regret to say that in a country like this where it is not unusual 
to be brought to bed with specihc oreanisms of ill-understood diseases, 
l cannot contribute to the hirlh-rate. 

366. The gaol has been subjected to as thorough a bacteriological ex- 
amiuation as one who is. not a bacteriological specialist could hope to make. 
Earth from the shed Aoors, scrapings ul' walls and tloors of cells in whicli rases 
occurred have been incubated on agar, blood serum and in rice broth and 
bouillon with negative results. The biood of lioth original ahd residual 
cases was microscopically examined aiul culture media inoculated with 
it without my beiug able to determine any of the niany different plas- 
niodia, cocci or bacilli already discovered hy many differeut workers at the 
diaease. Similar exaniinations ut rases at the District Hospital, Kwala 

npor, have resulted in disappointment (sif Obs. 4). 

367. Dr. H. E. Durham, is, however. working in the Institute, from 
the conclusion expressed in para. 3(13, a conclusion to which I have been 

"i\en after a carehjl anil e\tended iihservation of the disease from ail sides. 

MODE BY WHICH LOCAI.ITIKS BECOME INEECTED. 

368. The history of the Kwala Lumpor gaol is instructive in this 
connection. There is an opinion abroad tiiat during the construction of the 
gaol the disturbance of soil containing the remains of those who had died 
of beri-beri was the prime factor in intniducing the disease amongst the 
prisoners. 

369. This conclusion is nol supported by fact. Dr. Tra\t.ks, after a 
careful inquirv, has given his opinion tliat h-w , if any, beri-lierics were buried 
where the gaol now stands (para. 237]. 

370. Further, in ^93-4, during tlie construction of the present gaol, 
in average of 117 prisoners were detailed from the old gaol to assist at 
toiie-breaking, masonry work, and levelling. None of them contracted 
ieri-l>eri (para. 2^-(jj. The whole bodv of prisoners was transterred to the 
lew gaol 011 Jantiary, 1S95, and it was not till August S, 1S95, fo!lowing 

an outbreak of choiera, that a case of beri-beri originated amongst the 
prtsoners, i.t., not until after 8 months' occupation. But during this 
8 months 17 prisoners suffering from acute beri-beri were admitted to tlie gaol 
(para. 254). Herein, I think, lies the key of the problem of the infection of 
and other foci, for it cannot be doubted that the infective agent was 
introduced in the bodies of the 17 and by careless personal liabit deposited ii 
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rloors or clothing, to be taken up by other but healthy prisoners. The gaol 
during the whole of 1895 was overcrowded and damp. Here was the tinder. 
The beri-berics introduced from outside furnished the spark. The constant 
introduction of cases of acute beri-beri fed and still feeds the flame. 



RESULTS OBTAINED OPPOSED TO VARIOUS THEORIES 

OF THE CAUSATION OF BERI-BERI. 

370«. 1 propose to oppose the many theories of the causation of beri- 
beri that are frequently urged to theresults obtained by Observation No. 1. 

371. The theories most often pushed for\vard are as follows : — 

1. Gelpke's theory that beri-beri is due to dried fish infected by 
a trichina. 

Miura's theory that it isdue to the ingestion of certain kinds 
of raw fish, principally the Scombridae. 

Grimm's theory that it is due to the ingestion of infected fish. 

4. Takaki's and others' theory that it is due to a pathogenic diet in 
which the proportion of nitrogen to carbon is too small. 

Ross' theory that it is due to arsenical poisoning. 

The theory that it is due to the ingestion of mouldy rice. 

Bkaddon's theory that it is due to the ingestion of a speciiic 
organism which developes on growing rice. 

Manson's theory that it is due to place germ (earth, floor or 
house) which distils a toxin, volatile or otherwise, that, being 
inhaled or ingested, produces the disease. 

Glogner's theory that it is due to a haemic plasmodium. 

10. My own conclusion that it is due to a specific organism that 
1 emains dormant in certain localities, but having gained entrance 
to the body by the mouth it multiplies locally (in the stomach 
01* duodenum chiefly), gives rise to a local lesion and produces a 
toxin that, gaining the general circulation, acts on the peripheral 
terminations of both afferent and efferent ordinary and vital 
neurones to cause a bilateral symmetrical atrophy, and that 
rinally the organism escapes in the fasces to again lie dormant 
in places. 

372. Theories No. 1, 2 and 3 are absolutely eliminated because during 
the eight months from May 3, 1901, to January 1, 1902, not an ounce of fish 
of any description entered into the diet of the 49 prisoners who up to that 
time contracted beri-beri. Twelve of the 49 were incarcerated during June, 
July and August, i.e., after the diet was instituted, and contracted beri-beri in 
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373. Theory No. 4 is as effectn ely elitninated, for the diet contained 
1 proportion of 1 N to 1 2 C : the physiological ren.uirement being but 1 N. 

j C Tlie prisouers had tlie benelit ul" this highly nitrogeuised diet for 
ierht months during the hrst iour of which but few cases of beri-beri occur- 
;d, bui during the latter four of whicb many cases occurred. if the extnt 
ntro-en in the diet coulcl have pievented the ditea^e it should have done so 
nnst surely after tlie prisonets had liad the beneht of it for four months. 
["hat tbere was little beri-heri during the four months followiup the iustitu- 
ti of the high grade diet ineans nothing. Tor it has long been noted in 
he Kwala Lumpor Gaol that comparatively few cases occur from May to 
September. The otiset of heri-beri during and atter Sepietnber and its 
ubsidence in Pebruary and March after the high grade diet was aboJished 
(January i, ig02) is conclusive evidence that it is wholly independont of the 
proportbn of N and C, 

374. Theory No, 5 is eliminated because arsenic in atiy shape or form 
did not occur in the gaol either before or during the eleven months' obser- 
vation. There was no disturbance of soil, no tinned fruits, meats or vege- 

ahles used, and no sugar that might have been contaminated with arsenic. 
It wnuld be absurd to suppose that all of the 90 cases that originated had 
rsenic in their systems when incarcerated, theetTects of which wereeshibited 
] from 10 days to 18 months after. It should be remembered in this 
:onnection that not a member of Party No. 3 contracted beri-beri although 
t was exposed to extra-imtral intluences as well as to intra-mural cunditions 
imilar to Parties No. 1, 2 and 4, except in the matter of sleeping. 

375. Theory No. 6 that beri-beri is due to mouldy rice is wholiy dis- 
ountenanced by the fact that the prison rice was free of mould, and that all 
itent mould spores or tnould toxins were destroyed by the process of 

steaming to which the rice was subjected (para. 286}. 

376. Theory No. 7 wholly discredited for similar reasons. He will be 
1 bold and badlv intbrnu-d tlieoriser who contends that the Siam or Rangoon 

rice of the gaol held an active specihc organism or toxin afterbeing steamed 
- two hours under two atmospheres of pressure. Braduon's theory is 
bunded on an assumption pure and simple (para. 225) supported by one- 
sided evidence which falls to the ground in the face of the single incontro- 
ertible fact that 90 cases of beri-beri occurred when the Siam rice used 
vas sterile. 

377. Theory No. 8. That there is a specihc germ appears from my 
«rvations here to be true. But there is no evidence to support that part 

of this theory which assumes the distillation of a volatile poison and its 
inbalattoi] or iu»estion, The entire escape of Party No, 3 let alone Party 
4 would be rnost unlikely in the presence of a volatile poison that 
caused some 90 original cases in one part of the gaol compound and over 
100 cases of paralitic relapse in another part. 
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378. Theory No. 9 has no foundation in fact. A thorough blood 
examination of beri-berics in all stages of the disease has not disclosed 
a plasmodium that could be associated with the disease as either its 
direct or indirect causative factor. Where plasmodia have been found they 
have belonged to one of the well known malarial types. 

379. Theory No. 10 is the only one that nts all the facts of the 
<case. It holds good for the beri-beri of institutions and other communities. 
Unfortunately the specinc organism has to be assumed. But granting its 
existence the early symptoms of acute-pernicious and acute beri-beri and the 
post-mortem appearances of the pylorus and duodenum in the former 
(see Obs. 3) declare conclusively that it enters the body vid the mouth, 
multiplies locally in the stomach and duodenum and produces a toxin 
that is absorbed into the systemic circulation to act bilaterally and 
symmetrically as a poison on the peripheral terminations of the afferent and 
<efferent ordinary and vital neurones. 

380. The elimination of theories from 1 to 10 is completed by the 
results obtained in the following observation on monkeys incarcerated in 
the infected gaol (see Obs. 2). 

381. The pathology is discussed on page 79. 



Observatlon No. 2. 

Having come to the conclusion outlined in paras. 362-7 it remained 
to prove that some lower animal would contract beri-beri if placed in the 
same environment and under dietetic conditions that, if possible, should be 
less questionable tlian those under which Ihe prisoners contracted the 
disease. No lower animal that 1 know of has proved to be susceptible to 
what all are willing to recognise as beri-heri. The polyneuritis of hens of 
the Dutch authors is probably not even an analogous condition. Monkeys 
seemed to be the proper animals to begin a second observation with. If I 
placed them on a purely fruit diet in cells which there was every reason to 
believe contained the causal organism of beri-beri and they contracted the 
disease, the question of the inlectious nature of beri-beri and its being a 
focal disease would be nnally settled. 

2, a large bruh (3f . ne.mestriuus ) that I had 
year and which washealthy, was placed in cell 

No. 86 of C Hall (Diagram No. 1). Its knee-jerks were normal on several 

tests. 

384. On April 24, 1902, a kra (A/. cyiwmotgns) was carefully examined 
and placed in cell 125, It had lost its appetite, its knee-jerk became 
greatly exaggerated and its general myotatic irritability increased by May 
27, 1902. 

385- 
and 94. 

386. On May 13, 1902, bruhs were placed in cells 27, 30 and 46. I 
was absent when the four were incaicerated by an assistant on Apri! 28, 
1902, and so cannot say from personal obseivation if their knee-jerks were 
normal or not. My assistant is pusitive that they were and from their state 
when I did e\amine them it is safe to assume that they were. However, 
to control them and some of the others that had devetoped suspicious 
symptoms, May 29, 1902, I placed normal kras in their cells (No. 55, 86 
and 125). These are to be known as 55«, etc. 

387. The food of all these monkeys was hananas, sugar cane and pine- 
apples. Before bemg fed to thein the fruit was rubbud on the Aoors to pick 
up the specibc organism I assume is present. 

388. The knee-jerks of only Nos, 55, 55« and 30 remained normal, 
All the others lost their knee-jerks or the knee-jerks became greatly exagger- 
ated. Myotatic irritability markedly increased. There was evident specinc 
wasting of limb and trunk muscles and muscular weakness could be deter- 
mined in four of them (Nos. 27, 3, 94 and 86) by July. No. 27 became 
almost wholly paralysed on July 22, 1902, and was killed for examination. 
The history and post-mortem investigation follows. 



On April 28, 1902, four new kras were placed in cells 55, 132, 91 






Case 


-ilSTORY 0F MoNKKY Nc». 27. 


3S9. May 13, 1902. 
Centre Ilall. Its diet dit 
sweet potatoes. 


— No. 27, a iiormal kra, was placed 
ring Iife iti the gaol was banana, s 


390. May 28, 1902. 


— Nothing of note. 


391. June 3, 1902. 


-Eating well. Knee-jerks normat. 


392. June 18, 1902. 


— As last seen. 


393- J"ne3o. 1902. 


— As last seen. 



394. July 3, 1902, — Knee-jerks plus. Gent 
irritability of lower lintbs. Does not eat well. 

393.. jttly 10, 1902. — Animal seems to have lost appetite. Is irritable. 
Knee-jerks plus. Plantar seem to be absent. Pin-prick of the soles of feet 
and front of shins not resented. Muscles of lower limbs have grown 
smaller. This was noticed by my assistaut on June 18, 1902. No sign of 
cedema. Heart beat rapid, but there was some strugglins betore this 
observation could be made. 

396. July 15, 1902. — There is decided weakness in the hind legs of the 
animal. Cannot cliug to his ch.-iiu with hind feet. When sitting on 
haunches he sinks low. There appears to be slight weakness of wrists and 
tingers. Pin-pricks of soles or of legs not telt. Pin-pricks of hands 
resented. Knee-jerks minus. Myotatic irritability greatly increased in 
lower limbs. Muscle fibres heap up under percusser on sharp direct 
stimulation. Intercostals almost paralysed. 

397. July 17, 1902. — Knee-jerks absent. Animal has no appetite. 
Abdominaland plantar reflexesabsent. Does uot attempt to climb its chain. 
Grasp of hngers and toes e.tceedingly weak. Animal lies partly on right 
side, cannot stand, and makes but slight and weak efforts to sit up. 
Pin-pricks of legs, lower anns feet and hands not resented and cause no 
refle.\ses ; of trunk, face and head are resented and give rise to local retlexes. 
A small abrasion in the neck was madeby a chafing collar to-day. Washed 
and dressed antiseptically. Myotatic irritability of Iimh and trunk muscles 
markedly increased. Kespiration is almost wholly abdomiual. Diaphrag- 
matic jerk lively. 

398. July 18, 1902. — Same as yesterday except temperature is higher. 

399. July 19, 1902. — Intercostals have ceased to work. Respiration 
wholly ahdominal. Knee-jerks absent. There is marked increase in tbe rate 
ofthe heart beat. Piu-pricks of limbs not resented. Otherwise same as 
yesterday . 

400. July 22, 1902. — Had the animal brought to Institute. It lies low 
on the floor, feet and hands splayecl and legs aud arms Aaccid, When limbs 
are lifted they fall heavily. Animal resents pin-pricks of htce and head only. 



ni t makes scarcely any effort to escape. Wben it attempts to rise it falls 
heavily. There is marked hilateral wrist-drop slightly more marked on left 
side. Leti phalanges weakened slightly more than right. There is no effort 
made to resist extension and flexion of wrists, ankles or legs. Grip of hands 
and teet very n-uich weakened. Myotatic irritahility markedly plus. Fibres 
rise an eighth of an inch on sharp percussion. Knee-jerks, cremasteric 
jlantar and abdorninal reftexes absent. Interco.stals powerless. Respiration 
erky and wholly abdomtnal. Muscles of expression unanected. Animal 
ir.us wetl and cries normally wheu irritated. Mu-scles of trunk and limba 
•y. Heart sonnds weak, rapid (106 per minute), and of the watch-tick 
quality. ]f the animal is moved about and rolled o\ er a precardiac impulse 
developes and the heart rate runs up to 185. The first sound is booming, 
the second is a sharp click, but the irregularity is great. 

+01. The temperature of the animal while under obseivation ranged 
liorn wrs Eo 100-5 until Jtdy *&• 1Q02 > when it rose to 103. From then on it 
indicated some s-.-plic ahsorpliuii from abrasion of the neck. To avoid any 
:ompIication of the case by sepsis the aninial was killed at 10,30 a.m., 
uly 22, 1903, by opening the thorax and puncturing the heart. 



J-Jlood fiom heart, liver and spleen taken hy Dr. Dli 
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403. Lungs collapsed completely. Brain (msmic ; also cord. Pericar- 
ial sack contains about 2 c.c. of clear fluid. Right hearl dilated and nabhy ; 
Iso left. Organ stopped in diastole. Lungs healthy except lower anterior 
spect where there is sligbt hypostatic congestion. Liver looks normal. 

Spleen firm and routul edged. Pulp looks normal. Stomach contains a 
lump of parily digested banana. Greater curvature and pylorus slightly 
gested. Duodenum moderately congested. No lupmonhagic injections; 
all other organs normal-looking. 

404. No pigmentation of spleen or liver. The vessels of both organs 
e moderately congested. Also vessels of pylorus and dtiodenum. 

405. The Kncephalon, Cord, Medulla and Ganglia were examined by 
issi.'s tnethod. The nerves by the Makchi, Wi-:k;ert-Pal and Stkoed* 
ethods. Marchi's mettiod was controlled by running pieces of nonnal 
Lt's nerve through with the nbres from the monkey. 



400. Cei 



1.,'lhr 



Lnd Cerebrum normal. 



407. Medulla : — Kach section of the Hypoglossal nuclei comains llirre 
five cells in the late first stage of change, i.t., nuclei are dislocated, in 
me instances they bulge out the cell outiine or are pressed Aatly against it. 

Tbis is accompanied by marked cliromatnlysis or rarefaction. No vacuola- 

tion, shriukage or e\cessi\e pigmentation observahle. 



408. In the combined nuclei of the gth, ioth and nth there are frora 
3 to S cells in each section in the early first stage of change. lt will he 
pointed out later that there is atrophy of the terminal portions of the nem 
of origin of the above nuclei. No change is observable in the nuclei of ihe 
3rd, ^th, 5th, 6th or 7th nerves. 

409. Spinal Cord : — Atewcellsin the luteral hnrns of the C I and 2 
are in the tirst stage of atrophy. This lateral group is probably the nucleus 
of the Spinal Accessory nerve. The antero- and postero-mesial groups contain 
no unliealthy cells. Al! groups of the dorsal horns are normal. In C 4, 5, 
6, 7 and 8, all rentral horn group* contain from 2 to 3 cells in each section 
in the rirst stage 01 atrophy. No difference can be observed between the 
right and leit phrenic nuclei of the +th and ^th segment, although there is 
double the amount of atrophy in the right nerve compared to the left. 

410. In the Thoracic segments the aAecled cells are irregularly distri- 
buted in the various ventral horn groups. The lateral groups contain the 
larger number of changed cells. In many segmenls between T 4 aod S the 
cells of tlie antero- and postero-mesial groups are in a stage of chromato- 
lysis, lnit their nuclei are centrally situated. 

411. The Intercostals were paralysed and it is prohable that the 
atrophied cells in the lateraland intermedio-lateral groups are parent to the 
poisoned tibres. 

412. In the lower Thoracic segments (lotli, 1 ith and I2th) all veutral 
horn groups contain from 2 to 5 cells in the tirst stage of atrophy. The 
dorsal horn cells and those of Ci.akke's columns are sound. 

413. The ventral horn grcups of tlie lumbo-sacral segments all 
contain altered cells ; from 1 to 3 in each group of L 1 and 2, and from 
3 to 5 or 6 in L, 3, 4 and 5 and S 1, 2 and 3. In the S 4 and 5 there are 
fewer affected cells. Dorsal horn groups are nonnai. 

414. Posterior Spinal Ganglia: — Cervica1 1 to 5 are sound. In C 6, 7 
and 8 about 1 m 6 cells are in the tirst stage of atrophy. Thoracic: 1 and ; 
are affected to a similar exlent. The lower thoracic ganglia to the iith 
contain about 1 in 10 to 12 cells in the first stage of atrophy. In 11 and 12 
and in the lumbo-sacral ganglia there are about 1 to 5 or 6 ceils unsound. 
No vacuolation or excessive pigmentation is apparent in any of the changed 
cells. One obsenes that all alTected cells are in the lirst stage of degenera. 



v'agi, Phrenics and Inter- 
ledullary cells niight have 



415. It seenis possible tliat had the vital 
costals not been poisoned that all spinal and 1 
recovered if the animal had been treated. 

416. The Nerves : — All of the larger nerves were dissected out to 
their muscular and cutaneous terminations and arterwards examined in three 
separate parts, i.e., close to the plexus or cord, midway of their length and 
just hefore and after they plunge into their terminal tissues. The 3rd, 



4th, 5th and 7th c 



e normal. Also the great occipital. 



i/- The Hypoglossids : — These nerves are sound in all their length 
exrept where they ramiiy in the tnngue. The terminations of aliout 1 in to 
i"\v by Makchis method the changes of early myelinic atrophy. Axis 
linder atrophy is not obvious. 

-|r,S. Both ihe Vagt e\hibit atrophy up to ihe level of the 2nd ribs and 
n ihe cardiac branches where they course intti the beart muscle. The 
Tophy is bilaternl and equal. Alraiit I ia 3 (ibres are unsound. Many of 
idi>i:k's and Ki:mak's gaiiglkni cells of the heart were in the first stage of 
rophy. I have found this almost invariably in the hunian subject. 

+19. The 1'hrenics are liilaterally but unequally atrophied. I did not 

bflerve tbat there was unequal contractkm of the diaphragm. The right 

nic, however. just before it breaks up on the diaphragm contains about 

5 hbres atrophied and the left about 1 in 10. The atrophy in these 

nerves is wlinlly terminal and recent. It does nnt appear to be of nuire 

than a few days' standing. 

20. There is atrophy of about twenty days' standing in the termina- 
ions of all nerves from tbe brachial plesuses to the upper limbs. The 

ns and ulnars are most affected, containing about 1 in 3 or 4 unsound 
bres, the radials ahout 1 in 7 or 8. 

21. All the Intercostais contain atrophied ribres from their exits to 
:erminations. The atrophy is of about the same age as that in the vagi, 

namely, about tourteen days. 

22. There is 110 sign of atrophy in the lumbo-sacral plexuses. But 
1 nerves from them to the lower limbs that I examined contain a large 

ber of atrophied tibres. 

423. The Anterior Crurals are most severely aiTected. There are 
some cnangeo* hbres in the nerves at Poupart's ligament, a larger number 
wbere the nerves break up into smaller branches, while the nerve to the 
rectus contains scarcely a sound fibre ; the same is true of the nerve to the 
skiij over the rectus. 

424. The Sciatics before dnision into external and internal popliteal 
are almost free of change, hut the terminations of the plantars, anterior and 

josterior tibials and musculo-cutaneous are all in a state of moderately o!d 
ind older degeneration. The nerves to the peronei are deeply affected as 
hose to the recti. Fragmentation of axes is frequent. 



425. 1 could not find atrophy in the Splanchnics. A few 1 
ilar plexus are, however, in the first stage of atrophy. 



■Ils of the 



426. The same is true but more widely of the stellate ganglia. About 
in 10 cells are affected in each section. It is probable, therefore, that 
celerator fibres to the heart were involved. 



mmmmu-^i. .*( 
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427. Can the above syinptomatology and anatomical lesion be regarded 
as due to the monkey having contracted beri-beri ? 

428. There is but one weak point in the case, namely, that septic 
infection occurred on July 18, 1902, from an abrasion in the neck. 
Dr. Durham grew a mixed cultiire of S. aureus and a bacillus resembling 
the diphtheria bacillus from the heart, liver and spleen. The latter germ 
did not prove to be specific, however, and it appears to me that only 
a captious critic will place this against the other facts of the case 
to exdude them. The onset of the paralysis, its distribution and pro- 
gress were as typical of beri-beri as one could w r ell expect to see in a 
lower animal and all this before septic infection occurred. The lesion in the 
nervous system marks the case as one of beri-beri. The escape of the 
cerebral and cerebellar cortical cells and of the higher cranial nerves and 
their nuclei, the truly peripheral and parenchymatous atrophy of the spinal 
and lower cranial nerves, especially the vagi, peroneals and crurals, are all 
typical of acute beri-beri. 

429. In confirmation of this conclusion monkeys No. 3, 125, 94 and 86, 
after exhibiting the same symptoms and becoming nearly moribund, were 
killed and found to have the same nervous lesion as monkey No. 27. The 
history and autopsy notes of these cases will appear later. 

RECOMMENDATIONS FOR THE CONTROL OF 

BERI-BERI. 

430. The following recommendations were made as the result of the 
conclusions arrived at in para. 379. They can be modified to apply to all 
foci of beri-beri. 

431. That before September, 1902, the gaol be emptied of all prisoners 
and kept empty till some time aiter April, 1903. 

432. That in the meantime those parts of the main block (Plan 1) 
enclosed in the lines 1 1 1 be demolished. 

433. That the lower tier of cells in what will then remain of the 
Central Hall be demolished ; upper tiers to be supported on piers. 

434. That the roofs of Halls A, B, C and D be converted into single 
angle roofs, raised and fitted with ventilators. 

435. That a section 4" wide and 18" long be struck out of the bottom 
of the door of each cell so that air may be more ireely admitted. 

436. That the air inlets 555 (Plan 2) be enlarged and grated both 
outside and inside the cells so that air may be more readily admitted. 

437. All the above recommendations have as their object the more 
thorough ventilation of the gaol by converting the solid main block into 
five detached blocks. 
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438. That the wall 222 (Plan 1) be lowered to 6 feet. 

439. That the roof of the Administration Block be raised and ritted 
with ventilators. 

440. That the Central Block be roofed in by a single angle roof with 
\entilators. 

441. That the rain pipes at present carried on the inside walls and 
under the first floor be.carried outside the gaol. 

442. That latter recommendations when carried out will result in 
a dryer gaol. 

443. Tliat the present intia-mural hospital be wholly demolished and 
replaced by a smaller one containing about twelve beds for sick, dangerous 
or important prisoners it would not be advisable to place in an extra-mural 
prison hospital. 

444. That an extra-mural prison hospital be erected in proximity to 
the gaol in which to conrine all prisoners who when committed have beri- 
beri, and for those other prisoners who may develope serious disease after 
incarceration in the remodelled gaol. 

445. That the remodelled gaol be thoroughly disinfected once a week 
for six or eight weeks prior to re-occupation, by long sentence prisoners 
told off and segregated for the purpose. No prisoner who has had beri- 
beri to be admitted to this gang. 

446. That when the remodelled gaol is ready for re-occupation no 
prisoner who, whether already or afterwards committed, has had beri-beri 
within a year be admitted, but be committed to the extra-mural gaol 
hospital for such time as the Medical OrHcer in charge may think fit. 

447. That a system be adopted that will allow the prisoners to 
evacuate their bowels and bladder outside the cells. 
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Observatlon No. 3. 

448. I propose under this heading to shortly discuss my reasons for 
classifying beri-beri as outlined in paras. 64-76 and to present two cases as 
warrants. In a later paper 1 hope to discuss the question more fully. 

449. In the Malay Peninsula it has been my experience that the nrst 
complaints made by those who contract beri-beri are likely to mislead the 
unsuspicious. Pain, dull or grinding in the epigastriuni, a feeling of 
oppression in the chest and loss of appetite appear to indicate that the 
sufferer has indigestion. " Tct-buleh makan " (cannot eat) is the first cry of 
all cases, fbllowed, in from 24 to 72 hours, by the dull pain in the epigastrium 
and oppression in the chest. 

450. In the Kwala Lumpor Gaol the great majority of cases of beri- 
beri are diagnosed and treated for few days by the native dressers at the out- 
door dispensary as indigestion. The larger number of cases complain of a 
slight feeling of fever. 

451. The degree of severity of these premonitory symptoms is an index 
as to whether the case will develope into acute-pernicious, or acute or sub- 
acute beri-beri. 

452. In the case of acute-pernicious beri-beri signs of the morbid 
affection of the nervous system are demonstrable in from 24-48 hours. The 
epigastrium bulges from loss of tone in the walls of the stomach and 
duodenum. There is slight anaesthesia or hyperaesthesia and hyperalgesia 
below the knees ; in some cases a slight pretibial cedema can be made out. 
There is a feeling of stifFness in the ankles and knees and a slight weakness 
is demonstrable in flexion of the ankles and extension of the legs. Twenty- 
four to thirty-six hours later there is a marked precardiac impulse, and a 
systolic bruit can be made out at the apex. The pulse is soft, more rapid 
than normal and it is a little irregular. 

453. The affection of the limbs may not become more marked, but the 
diaphragm or intercostals may become partially paralysed, aphonia may 
supervene and the patient's heart gives positive sign that it is cut off from 
nervous control. 

454. On the other hand the sensori-motor paralysis may spread from 
the lower to the upper limbs and even to the shoulder girdle and scalp and 
the patient may find himself in a state of almost complete Aaccid paralysis. 
He remains startlingly clear-headed, however, and his cranial nerves escape 
the virus except from the 5th downwards. 
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455- The palient may reinain m ihis state for two or three weeks and 

suddenly eollapse from cardiac fai!ure. But the larger number of 

s personally observed rarely last for more than a week, and 1 liave 

records of cases which have died within lwenty-four hours of the first sign 

of the action of the beri-beric yirus. The following is the clinical history 

id post-mortetn exaniinmion of a typicaJ case of acute-pernicious beri-beri. 

Cask No. i. 



utse. Agc 28. Syce by occupation. Ad- 
Gaol Hospita) January 2, 1902. Died 



456. Hassan. MaU. 
nitted to the Kwala Li 
anuary 20, 1902, 9 a.m. 

457. The tallowhig notes were taken 011 January 2, 1902. Patient 
iresented himself at ottt-door dispensary complaining that " last niglu he 
lad a feverish feeling and wakened this morning with a heavy dull pain in 
his stomach and chest." He could not eat his congee (rice porridge). He 

perfectly well up to last niglil. ()n pressure of the epigastriuni a dull 
grinding pain was compiained of. His tongue was clear, knee-jerks plus, 
.nd there were no signs of paresis and amPsthesia. There was no pyrexia. 

45S. Jamary <\. — I saw patient who by this tinie had devefoped 
marked Maccid paresis of the wliole of the lower linibs. He could noi walk 
even with assistance. He was able to extend his feet but the movenient 
could lw easily opposed. Flexion of feet could not be voluntarily perrormed; 
all voluutary movements of toes liad been lost. He could slightly flex his 
ItgS but all power of voluntary extension had gone. Kotation, adduction 
and abduction of thighs could uot be performed. The patient could not sit 
up 01 sieady himseh in the sitting posture when passively raised. There 
was marked weakness of all movements of hands and wrists and partial hiss 
of power in arms. Anaesthesia of legs and feet was total ; oi thiglis. 
abdomcii, hiuids, and arnis partial. Common sensibility of legs and feet 
lowered to a minimum ; of thighs not so much so. He feels pin-pricks of 
abdinnen, hack. thorax, face and scalp normally. Appreciation of pin- 
pricks of hands and fore-arms lowered. Knee-jerks absent. Superhcia! 
refiexes minus. All muscles of limhs and trunk are over sensilive to direct 
iiiechanical stiiniilaiiiin. Appetiie is impaired. Tlie epigastrium bulges 
and the patient resents pressure of it. Bowels are regular. No ova of 
ankyl-istoniiim present. No allmmin in urine. Cardiac area extends to 
righl. There is a marked wavy irregular precardiac impulse. A soft syslolic 
bruit can l>e heard at apex. Pulse when in the recumbent position is 92. 
After passively raising and lowering his body it quickly runs up to 120 and 

ieins of the ueck throh violently. A miumur can be heard in his femoral 
arteries. The pulse is irregular, easily compressible. and beatsare frequeutly 
unrecognisalile. There is some dyspmea. The pharynx is insensitive. 



459- Jamttiry 19. — Hatient has remained in about the same state a 
of the legs is niore marked and there is sligf 
uid trunk. The paralysis of ihe upper liml 
t has gnnvn more hregular. Dyspncea 



last noted except that 
cedenia of face, upper 
has progresscd and 1 



marked. Epigastric pain not so marked. For blood countsee Case No, l 7. 
Table 35. 10 p.m.— Patient meutally clear bnt pbysically is mucli distressed 
and rolls from side to side clutching bis cliest. lie died suddenly at o a.m. 
on the morning 01 the 2oth, There was no pyre\ia durin<j tbe climca! 
observation. 

Autopsy Notes. 

460. januaty 20, 9.30 a.m. — Extemal Marts :— Body of a large, robust, 
well nourished Javanese. There is moderate cedema of the lower limbs, 
trunk, arms and face. Post-mortem rigidity is partial. The cerebrum 
weighs3 lbs. ifozs. Thecorte* and other parts of the cerebrum, cerebeHtnti, 
pons and medulla are slightly cedematous and the cerehro-spinal fluid is in 
e.tcess. There is nothing else to note about the nervous system. The 
right pleura is adherent along the poslerior border and base. The sac 
contains 50 c.c. of clear straw coloured fluid. There are numerous discretely 
scattered petechia 3 in visceral layer. TKe left pleura is iree of adhesions and 
contains 70 c.c. of clear straw coloured rluid. Both lungs crepitant throuah- 
ihii. but Etiey show marked hypostatic congestion of bases and posterior 
aspects of lower lobes. Tlie apices and anterior borders and surfaces show 
moderate acute emphysema. Right lung weighs 1 Ib. 4 ozs., Ieft Ewjh 
1 Ib. 1 oz. 

461. Heart large and its surface \eins are congested. Right ventricle 
aud auricle are greatly dilated and lilled with dark semi-Huid clot. The 
muscle is congested, iatty to the touch, the wall is tliinned measuring but 
4 m.m. aud it is very Aabby. The left yentricle is slightly dilated arul 
contains a small amount of semi-rUiid clot. The wall is rlabby, congested 
and slightly greasy to the touch. It is 16 m.m. thick. All valves normal 
e\cept the tricuspids which are not rjuite competent. Pcriuardium contains 
fio c.c. of clear yellow fluid, There are a few scattered petechia in the 
yisceral layer. 

462. The liver is large, round-edged and the top of tbe left lobe is 
adherent to the spleen by an old adhesion. It weighs 3 Ibs. s nzs. Its 
surface is mottled yellow and purple; the pulp is decidedly fatty and 
moderately congested. The spleen weighs g ozs. It is rather large, 
round-edged, fairly firm, cuts wlth slight resistance ; the pidp is deep 
cliocolate colour. The right kidney weiglis 5 ozs. Its ci>rte.\ is 4 m.m. 
tliick. The capsule peels readily lc,i\ ing a smooih congcsted smlace. There 
is general slight congestion of tiie whole organ. The mucous membrane of 
the pyloric end of the stomach and duodenum is markedly congested and 
there are many scatiered puncnTorm hasmorrhages on the edges of the 
valvulae conniventcs, A few duodenal glands are swollen and congested. 
The upper foot of the jejenum is in a similar but less marked state. There 
are no signs of the ankylostomnm 01 iis ova in any part of the small or 
large gut. The laige intesiine is norinal throughout. A large number of 
mesenteric glands are moderatcly congestcd. The abdoiuinal cavity contains 
160 c.c. of clear yellowish iluid. Tlie spinal cord and ganglia present no 
naked eye changes. The cerebro-spinal Huid is over abundant. The 
stellate ganglia are congested. 



4'ij. Microicofim! E\amimitiou : Thure is okl malarial pigmentation 
i rf tlie spleen and liver, but nothing to detiote a recent infection. The kidneys 

H a slight cloudy swelling, especially marked in the glomeruli. Tlie 
{jlands and mucosa of the duodenum are iuarkedly congestecl and intiltrated 

1 si-tiiui and tliere are many small discrete extravasations. A few of eiicli 
group of Mb1snEk's aml Aukkuacn's plexusesare in tlie rirst stage uf change. 
indicated by dislocated nucleoli, ilattened nuclei and a compiete absetice of 
coloured substance. 

.;f>4. Ceiebral and cerebellar cortical cells are ull Bligntly hazj dne 
probably to ceBema, N» structural change is anywhere visible in them. 
Mttny cells in tbe luwer planes of the combined nuclei (accessoty portion ) 
aiid a few in the nucleus ambiguous of both sides are in the hrsi st.ige u! 
change, i.e., tbere is partial peripherai chnmatolysis with slight swelling 
and dislocation of the nuclei. A tew cells in euch section uf the ijth nnd intli 
nuclei are similarlv al'ft'cteil. Their changt-s are nci dotibt rekited tti the 
slight but generally early atrophy that the hbres of the cardiac aad 
pharyngeal plexuses show. The nuclei of the uth nerves ata noimal 
Thi Vi nii.tl horn cells of C. i and 2 are slightly hazy. But no stim tural 
trhuiige is \ isible. Many of the ventral motor cells of C. 4, 5. (i, 7 ;md M 
athl T. 1 are in the hrst slage of chatigc. No vacaolation, excassive 
pigmentation or marked ecceiitricity of nuclei aud no complete chromatolysis 
such as I rind in heri-beric residuul paralysis can be made nut. The 
chiuniatolysis is peripheral and moderate in degree. The nuclei are slightly 
swollen and bul slightly dislocated. T. 2-9 contain only a few ventral 
culls iu any way changed. Some sections aie entirely tiee. while others 
coatain rrom 1-3 cells in the rirst stage of change. T. 10. 11 and 12 are, 
however, more gnisslv arlected. li^very sectiun contains iYum j 5 cells in 
the late first stage of change. They are not cormned to any particular 
gruup. All the veutral groups of the lumbo-sacral segmsnts contain a 
iiitjiinty of cells in the early and late hrst stage of change. ln the latter 
Sttage the chromatolysis is more inarked and the nuclei are more eccentric. 
\Iany cells of Clakkhs coltimnsare in thelate rirst stage of change. This l 
Iijm- always tound where ccdema is a syinptom of the case. No other 
pusterior cornual cells are altered. 

4(15. All posterior spinal ganglia Iruiu C j downw;irds (all the cervical 
and himlio-sacral and T. 1, 3, 5, 7, y, io, 11 and 1:2 were examined) coutain 
truni a third to a half of the cells in tlie first stage of change. The proximal 
an;l distal ganglionic libres close to the gauglia are healthy. But the 
ptMerior columns of the spinal cord exhihit a few scattered degeneratsd 
rihres by MarchTs method. This is a niore marked fealure in lii-ri-heric 
residual paraKsis of long standing. 

46(1. The recurrent laryngeals are liealthy. There is nu degeneration 
in the tiunksot' the vagi, but in their inednllated thoracic and cervical cardiac 
hbres where they tirenk up to penetrate the heart there are many hbres in the 
early stage of Wai.lehhn change. The accelerator fil>res I am uncertain 
ahout. Strkoui;'s stain shows the axis cylinders to l>e swollen aL intervals. 
The stellate ganglia, huwever, contain a large numberof cells with discolated 
nudei, marked cluomatolysis and diJTuse staining of the clear suhstance. 



I 
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Tbis appeais to indicate accelerator atrophy. The hbres of the musculo- 
cutaneous terminating in the peronei are nearly all in tbe early stage of 
Wai.lkkian atropliy. A few sbow a more advanced atrophy ; also the terml- 
nations of the anterior crurals and tibials, medians, ulnars, intercostals and 
radials. Tliere is no atropby in the trunks of these nerves. The phrenies 
where they break on the diaphragm contain a few rlbres slightly de.generated. 
6y Weigeht's method atrophy can be tnade out in the finer divisk>ns of 
these nerves as thev traverse tbe muscles. There is no interslitial cbange 
whatever iu either braiti, coid, ganglia or nerves, a point i>f distiaction 
betweeu suci a Case as this and the one soon to be described. 

467. A bacteriological esamination of the stomach and duodenuni ol 
tlus case proved to be unsatisfactory berause nf my being without European 
assistance. But I am convinced that it is in those parts that the eausal 
organism is to be sought for, aud in tbe early sta^es of the disease. 



468. 
e ihere 



mst, I think, be plai 
abundant caose. 



that for all the epipl. 
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469. 1 would especially call attention to the condition iu which the 
mucous niembraiie of the stomach an;i duodenum was found, The conges- 
tion was maiked and indicates heyond doubt the local action of a speciric 
organism. I have found this cundition in all fatal acute-pernicious cases 
and acute cases that have succumbed during the few weeks tollowini: rhe 
onset of the disease. I have always been able to exclude tbe ankylostomutii 
duodenale. Taken in eonnection with the almost initial complaini nf 
oppression in the epigastriutn and loss of appetite and the slight clianges in 
the cells of Mkism;u*s and Auerbach's ple\uses 1 feel bound to regard it 
as the primary seat of action ol" the specihc organism of beri-beri whlch bas 
beeu ingested witb tbe food tbough not of it. It is signiiieani lliai this 
lesion is absent in cases 1 propose to term beri-beric residual paralysis. 

470. The loss of power and reflexes, the parassthesia, analgesia, 
anssthesia and aiwesthesia dolorosa ueedless to say are due priinarily to ilu- 
pois:ining of the peripheral afferent and elTerent terminations aiul secondariiv 
to tbechangesin tbe paretit eells, 1 1 should beespeeialU noliced that ii is the 
terminations oiily of the hbres that are in an early stage of parenchymntous 
atrophy. ln acute-pernicious cases one never hnds atrophy in the tnaiii 
trunk of anv nerve. This is a marked point of distinction between such 
cases and cases of acnte onset that develope intoberi-beric residual parah sis. 
In the latter the nerve trunks are fult of degenerated and regeneratiny 
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472. The condition of the cardiac nerves is important in the aliove 
case and is somewhat diherent from the cbanges found in cases of acute onset 
that develope into heri-beric residual paralysis. It cun lie readily demons- 
trated in the acute-pernicious cases ihat ihe cardiac hbres of the vagus aie 
almost all poisoned in their peripheral terminations, that the trunk of the 
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vagus is healthy and that cells in the combined nuclei, generally the accessot y 
portion, show more or less chromatolysis and eccentricity of nuclei. The 
intrinsic nerve cells of the heart show similar changes. Degeneration 
cannot be surely demonstrated in the accelerator fibres by Marchi's method 
for obvious reasons ; but that there is atrophy is certain. For the stellate 
ganglia contain about i in 5 cells in the rirst.stage of change. In residual 
paralytic cases such a change is not to be found in the stellate ganglia. If 
cellular alteration is observed in them it has generally advanced to the 
2nd and 3rd stage. 

473. The changes in the augmentor and accelerator mechanism of the 
heart is sumcient to account for the beri-beric heart and its sudden collapse. 
With both the inhibitory and accelerator fii)res poisoned cardiac exhaustion 
must soon occur. It is probable also that the cholin and neurin thrown 
into the circulation as the result of medullary degeneration is a factor in the 
cardiac exhaustion. 

Cask No. 2. 

Acute Beri-beri that 1)evkloped into Beri-beric Residual 

Paralysis. 

474. The following case is one of those I would term beri-beric residual 
paralysis. The patient died twelve months after theonset of acute beri-beri. 
There was no sign of acute congestion or inrlammation of the duodenal 
mucous membrane. The early symptom of oppression and distention in the 
epigastrium had passed away and the patient's appetite was good from 
shortly after the beginning of the attack. But the atrophy in the nervous 
system caused by the beri-beric virus persisted, became interstitial, and 
that of the vagi ultimately caused death. 

475. L. A. W. Male. Chinese. Age 28. Single. Occupation, niining 
coolie. Admitted to District Hospital 011 May 13, 1901. Died November 7, 
1901, 9.30 a.m. 

476. The follo\vi:ig notes were taken 011 May 16, 1901. Patient was 
born 28 years ago at Yeong Chan (China), and lived there for 27 years and 
7 months in good health. He was a farmer by occupation. His usual diet 
was rice, fish and vegetables of sorts ; pork 3 or 4 times a month, and beef 6 
times a month ; fowl and duck on festival days only. About 8 months ago he 
left China for Selangor to work at surtace mining at Pudoh. Two months 
after arrival in the Peninsula (early November, 1900) he had slight fever 
and a feeling of oppression in the stomach and could not eat for a few days. 
This was followed in about a week by slight numbness over the dorsa 
of both feet which in a few days crept up as far as his knees. About the 
same time his hands became numb, the numbness gradually extending as 
high as his shoulders. About 2 or 3 days after he felt the numbness great 
weakness of lower and upper extremities set in, also slight cedema over his 
shins. His knee-jerks are absent. Plantar and cremasteric reflexes normal. 
All muscles of lower and upper extremities respond abnormally to direct 
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mechanical stimulation. That part of llie tnuscle lapped lieaps ii|p undet tiie 
percussor. '1'here h ahnust total ana>sthesia as hi^li as the knees. The 
lower parts of the thighs are nnt su gravely affected. Tactile areas of legs 
iuereased by a third to a half. The fore-arms are in like state. The 
patient cannot walk without help. Ewn then gait is unsteady and 
slightly Bteppage in quality. Flexion and extension of toes and ankles very 
weak ; of legs not so much so. Finger movaments weakaned, also fiexidn and 
extension of hands. There \s moderate wasting nf all weakened muscles. 
Patient is clear-lieaded. There is no gastric disturhance, the oppression 
felt in the beginning passed away in about twehe days. He still has ,i 
slight full feelin^ 111 his heart. Pulse is 79 but rises riuickly and bet:nmtw 
irregular on even slight exertion. There is a suli syst^lic murinur at apex. 
Cardiac area slightly enlarged to the right. 

477. Palient remained in about sam.: state for some four months. 
occasionally complainiiig olcardiar oppressinn aud dvspnii'a wlticli iiuprovi-d 
after rest. The weakness and muscular wasting grew nmre marked bnt 
remained conrined to the neurones originally alfected. The amount of 
<edema ductuated but ne\er spread beyund tlie urigimilJy adected areas. 

ame liiote severe and he lost 
r disturbance becamc greater. 
leti be died of cardiac lailure. 



.78. On October 6, icjoi, 



Bgradually till Nov. 7, 1901, 



47g. Date and hour of death. Novei 
480. Date and boui uf uutopsy. Nn 



nber 7, 1901, 9.30 a 
«smbtr 7, 1901, icv< 



481. Esternal marks. General anasarca. liack aud body discretely 
covered with patches of ecchyntosis. No signs of arsenical pigmentation on 
body. Fingers are fiexed and wrists dropped. Btuin 'weighs 3 Ib. 8 ozs. 
Pia-arachnoid very pale, otlterwise norntal. Superior longitudinal siiuts 
coutains thtn red clot. Other cerebral blood vessels normal. C»nvolutiorifi 
well tormed. Cortex very pale aud slightly i.sdematous. Cerebral whiteand 
grey matter and the pons and medulla are pale, and slightly cedematOUK. 
The nerve sheaths of the extremities are slightly cedematous. There ia 
large amount of cerebro-spinal nuid. Right pleura slightly adherent at apex 
by recent adhesions; contains about 500 c.c. of clear rluid. Left lung 
adlierent to diaphragm. Both it and the right lung are hypostatically 
congested. Right heart contains large amount uf dark free clot, cavity 
Sreatly enlarged, wall rlabby. Wall 4 m.m. thick. Left ventricle dilated 
but empty, muscle lissue nabby aud pale. Wall 19 m.m. thick. Weight Ot 
heart 6J ozs. Coronaries slightly thickened and tortuous. Aorta and great 
vessels, atheromatous to ist degree. Aortic and mitral pulmonary valvea 
normal. Tricuspids not competent. Parietal layer uf pericardium contains 
several milky patches ranging iu size from sixpence to a shilling. Sac 
contains about 180 c.c. of ciear tluid. Stomach, duodenum and rest of f{ut 
normal. Pancreas very pale ; appears lo be nornial. Liver weighs 1 Ib. 
4! ozs.. dark. fairly nini, bile capillaries slightly full. pulp is fatty. >pleen 
weighs 7 ozs. Cuts witli slight resistance, pulp ftrni and of a light chocolate 
coluur. Hight kidney weiglts 2$ ozs. C(irtex pale. organ slightlv udematous. 






Capsule peels readily Ieaving smooth normal surface. Cortex measures 
4 m,m. Left same as right except cortex measures 3 m.m, Muscles of limbs 
are soft, paleand niarkedly i_edematous. Mierosco[jica!ly the ynly organ that 
BJthibited noteworthy change was the heart. ttoth the right and left 
muscle ribres showed marked fatty atrophy when treated with osmic acid. 
The spleen and liver were slightly pigniented but there was no sign of 
recent malariai infection. The liver cells are fatty also. The walls of 
stomach and duodenum were normal in tnarked contrast to their state in 
acute pernicious beri-beri. Purther the cells of M^isner's and Auerbach's 
plexuses are normal. 

482. Nerues. — Theexternal and internal plantar, the anteriorcruralsand 
tibials, medians and ulnars all present advanced parenchymatous atrophy 
for the last lew inches of their courses. No atropby is to be seen in the 
anterior crurals where they leave ihe abdomen or in the medians at the bend 
of the elbow. There is a slight interstitial change in the anected nerves. 
Appearances of regeneration are present, hut slight. The distal ends of the 
posterior spinal gangliu fnim which the above nbres emerge are healtby. 

4<Sj. Tlie vagi below the level of the rirst rib contain a large number of 
hbresinall *t;v^.^ of patenchymatons degeneiation. Thereissome interstitial 
changeas well, Nu signs of regeniTating iihres \ isible. It will be mentioned 
later that many cells in the lower parts uf the bulbar combined nuclei show 
adranced atrophy. The acceletator ribres as they emerge from the stellate 
ganglia are apparently healthy, but tbis is dirricult to determine. The cells 
of the stellates are mostly normal looking. A few have markedly dislocated 
nuclei, are vacuolated, and the seat of almost complete and more or less 
markedly chromatolysis. One or two in each section are almost colourless 
and vacuolated. It would seem, theretore, that some accelerator hbres are 
damaged. No doubt the immediale cause of death was due to the fact that 
the vagal inhibitory hbres never made any attempt to recover from the 
erTect of the beri-beric vfrus, 

484. All the spinal segments from C 2 downwards contain a large 
number of cells in the anterior groups in the 2iid and 3rd stage of atrophy, i.e., 
they are almost colourhss and maikedly vacuolated. The nuciei are swollen 
and eccentrically situated. There are a few in the ist stage, i.r., rareried 
with dislocated nuclei. The type of change is chromic rather than acute as 
seen in the acute-pernicious type of the disease. 

485. It is a curious fact that Ci-akne's cohmms contain in all !evels from 
two to four cells in the 2nd and 3rd stages of atrophy. I find this invariable 
where Oidema has been marked aud persistent but absent in cases with 
slight or no cedemn. Its signiheance will he discussed in another later 

486. The posterior spinal ganglia trom the 4th cervical to the sacro- 
coccygeal region coutain from a qnarter to a third of their whole number of 
cells in the 2ud and 3rd stages of atrophy. A few only are in the ist 
stage. The former cells are deeply pigmented with black granules. The 

' ends of the gunglia contain a. fe\v wasted fibres. In the lower 
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planes of the bulbar combined nuclei are numerous cells in the 2nd and 
3rd stages of degeneration. They are probably parent to the diseased 
vagal inhibitory ribres. 

487. No structural change is to be seen in the cerebral or cerebellar 
cells except a slight watery look, probably a hydrolytic alteration due to the 
large increase of cerebro-spinal fluid. 

488. It seems to me that in the light of the lesion found in the 
alimentary tract and nervous system of acute-pernicious beri-beri such 
cases must be distinguished from that outlined in case No. 2. They must 
be regarded as beri-beri proper, the acute infectious disease. On the other 
hand, Case No. 2 must be placed with all those cases of acute beri-beri which 
do not prove immediately fatal but in which paralysis persists after thĕ 
beri-beric organism has ceased to generate its toxin. This is probably 
in from two to six weeks after the invasion. During this stage the nerve 
atrophy is developing and establishing the cardiac, sensory and muscular 
paresis. The latter may persist for years and the patient ultimately 
recover, or unfavourable constitutional or other conditions may act adversely 
on the regenerating fibres and the defectively innervated heart to cause death. 
Such cases I propose to term beri-beric residual paralysis. 

489. The present estimate of beri-beri is, it seems to me, founded 
almost altogether on the study of cases of beri-beric residual paralysis 
with the result that there is no disease whose etiology and pathology is so 
misconceived. I propose to treat this subject at greater length in a paper 
in course of preparation. 
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Pathology. 

490. I shall not attempt here to more than outline the pathology 
of beri-beri but will reserve the subject for a paper now in course of prepara- 
tion founded on a post-mortem examination of some torty odd cases, a third 
of them of the acute-pernicious type. 

4yi. The main facts in the epiphenomena of beri-beri are a short 
incubation period, an initial slight feeling of fever, oppression in the gastric 
and cardiac region accompanied or soon followed by evidences of partial or 
complete paralysis of certain motions, paraesthesiae and cedema. 

492. The main lesions in cases dying while in the acute stage of the 
disease are congestion or inAammation and haemorrhagic injection of the 
pyloric end of the stomach and the duodenum ; chromatolysis and eccen- 
tricity of the nuclei of cells in the spinal cord and bulb with more or less 
complete parenchymatous degeneration in the distal portions of both afferent 
and efferent ribres to which they act as trophic centres. 

• 

493. The logical relation of symptom to the lesion is evident except the 
initial fever. I have never been able to detect an actual pyrexia in any 
of these cases, and am inclined to the view that it is only a feeling of fever 
due to the early action of the beri-beric toxin on the nerve terminations 
that subserve thermal sensation. 

494. The teeling of oppression in the gastric region with temporary 
loss of appetite exhibit the action of a specific organism at work chierly in the 
stomach and duodenum whose toxin is being absorbed into the general 
circulation. The changes found in the cells of Meisner's and Auerbach's 
plexuses are probably at the bottom of the loss of tone in the gastric and 
duodenal walls and the consequent bulging of the epigastrium. The paresis 
or paralysis of sensation and motion mark the more or less severe action of 
the toxin on perhaps the ultimate peripheral terminations of the afferent 
and efferent spinal and medullary neurones, but more probably upon the 
selected neurones as a whole, the effect of the action showing most plainly 
on the terminations and trophic cells. The cedema can, I think, be accounted 
for by a similar action of the toxin on both the centres and terminations of 
the viscero-vascular neurones. I have observed degeneration in the nervi 
vasorum and in the cells of Clarke's columns from which Gaskell at one 
time maintained that they were derived. It is probable that this results in 
some atrophic damage to the vascular epithelium. It is a hypothesis that 
fits the facts better than one which assumes that the cedema is due to a 
blood change. 
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495. Blood change there undoubtedly is as determined by Hallibvrton 
and IyTott. But tlie cholin and neurin which they have found in the 
circulation must be regarded as an etTect of the action of the specific poison 
of beri-beri in breaking down medullary tissue rather than as itself a specilir 
agent. 

496. That cholin and neurin have a secondary action on the weakeoed 
beri-heri heart may not be denied. Probably ii 
pernicious beri-beri where ahnost the whole number of large spinal cells anu 
their dependent nerves are rapidly degenerating, the consequent presetice of 
chnlin and neurin in the blood may be a link in the chain of events tliat 
hurries the patient with much cardiac and puhnonary distress to deaih. 
But this blood change must be regarded as primarily due to tlie erTect of a 
toxin that operates destrnctiveiy 011 the central and peripheral nervou> 

■ system and secondarily to the continualion of the atrophy of the neurones 
after tlie toxin itself has been eliminated. 

497. (iranting that the above sketch outlines the true pathologj o( 
beri-beri it should be borne in mind that of all tissues of the body the 
nervous mend more slowly than any other or not at all. So that when onoe 
the beri-beric toxin has eserted itselt airophically and has been eliminaied 
the patient may be left in a stage of hopeless sensory and motor paralvsis 
with his cardiac neurones so damaged that eomplete restoration of tlu- 
nervous control of the heart may not be hoped for. Such cases I have 
described as beri-beric residual paralysis. somewhat though not truly 
analogous to post-diphtheric paralysis. A great deal of error has arisen us 
llie result of not having clearly recognised this line of deinarcation beiwt.-i.-ii 
beri-beri proper, the acute intection which causes tlie paralysis, and ihe 
paralysis that remains when the iufective agent has ceased to act. 

49IS. lfapatient withstands the acute onset of the beri-beric poison 
but does not wholly recover, he remains in a state of residual paralysis, and the 
symptoms of his nerve degeneration may continue to progress as the result 
of had treatment, no treatment at all. or conslitutional couditions. The 
same oscillation of his symptoms may be wittiessed as in other nervt>us 
disorders. If the degeueration in the ueurones cootinues and e\coeds tfw 
regeneration the patient becomes more completely powerless in those actions 
paralysed by the incidence of the to.tin in its active stage. I am aware tliat 
nearly all serious writers on this subject regard a retrogressive oscillation ol 
the paretic symptonis of a case of beri-beri as a relapse due to repoisonmg ol 
the neurones. They also look upon the continuation of tlie paretic symptnms 
of the disease (so called chronic and rudimentary beri-beri) as due to a more 
01 less continuous absorption of a to\ic agent. Ma^so^ especially insists 011 
this. \Vrouglv comparing lieri-beri, an acute specihc intectinus disease tn 
alcoholic peripheral neuritis, a disease due to the continuous action of sinall 
(Imsi-s of a to\ic substance, heassumes that the former, like the latter, is tlur 
to tlie continuous ingestion or inhalation of a to\in generated hy a specitic 
organism operating without the human body. He supports this view liv 
pointing to the fact that those sufferins from beri-beri nuickly wholly c,r 
partially recover it mrnetl lo a new enyironment. i.r., moved irom the Foc«E 
111 which the assumed to\in is generated lo a focus which is toxin im- 
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/ have never yet seen a case of acute-pemicious beri-beri recover after removal from 
the focus where the disease was contracted to a germ free focus. Cases of beri- 
beric residual paralysis undoubtedly do mend more quickly if removed, say, 
from the Kwala Lumpor gaol, where they contracted the disease, to the 
District Hospital three miles away or to the sea-shore thirty miles away. 
On the other hand, it is just as true that the fifty or sixty paupers (paupers 
whose pauperism is due to persistent beri-beric residual paralysis) sent 
every year into the Kwala Lumpor Gaol, where beri-beri isalmost epidemic, 
quickly recover and grow robust in a few months. The change of environ- 
ment in both instances is sumcient to cause decidedand quick convalescence, 
just as for many reasons not yet quite clear to us change of environment 
will cause a more rapid convalescence from the residual efFects of many 
other diseases. If it is nrmly grasped that beri-beri is an acute infectious 
disease which frequently persists as a residual paralysis and that during 
the stage of residual paralysis the organism is making constant erTorts to 
repair the damaged neurones, it will readily appear that so-called relapses 
in beri-beri are not due to a repoisoning or continuous poisoning of the 
neurones but to a simple breaking down of regenerating nbres as the result 
of intercurrent diseases, stress of weather and all the many exterior factors 
that may cause retrogression in any nervous disease. Undoubtedly residual 
paralytics do occasionally contract beri-beri a second time. I have 
records of several such cases. But the second attacks are always true 
attacks and not in any way continuous with the first attack. 
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Observatlon No. 4. 

499. The blood of 12 acute-pernicious cases of beri-beri, of 36 acute 
cases, and of 27 cases of residual paralysis was examined to detect, if 
possible, a specific organism of the disease. 

500. The blood was taken through the skin of the finger and lobe of 
the ear and if a growth occurred a second specimen of blood was taken from 
the median cephalic vein at the elbow. 

50 1 . The iinger and the ear were thoroughly washed with soap and warm 
water. To the ear was then applied for ten minutes a pleget of cotton 
wet with 1-2000 perchloride. The ringer was immersed in a solution of 
perchloride of the same strength for a like length of time. 

502. Both parts were next washed with absolute alcohol followed by 
sterilised distilled water. The puncture was made with thoroughly sterilised 
needles. Several loops of blood were quickly transferred to each of three 
50 c.c. Aasks containing about 25 c.c. of pepton-bouillion. 

503. Three tubes each of agar, glycerine agar and rice broth were also 
inoculated. 

504. No growth was procured in 68 of the cases. The remaining 7 
cases gave growths of S. pyog. cit. ; S. pyog. aur ; S. pyog. alb. ; M. 
tetragenous. Some of these organisms have been described by Pekelharing 
and Winkler and by van Eecke as associated with beri-ben. 

505. In each case where a growth was procured from blood taken 
through the nnger a second series of tubes and Aasks was inoculated with 
blood from the median cephalic vein. Such tubes and Aasks in all instances 
remained sterile. Eighteen Chinese free of beri-beri were indiscriminately 
picked from the roads and without their nngers being sterilised, blood was 
drawn and tubes and Aasks inoculated as above. AU media gave the above- 
mentioned growths. 

506. It would seem, therefore, that the organisms mentioned are the 
common skin contamination of Orientals here, having no relation whatever to 
beri-beri. 
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Observation No. 5. 

507. Cbinese lin miners contract beri-beri in larger ntimbers than any 
other class of thc- cominunity. Tlieir gardeners top-dress growing vegetables 
whh human fseces collecteci chietiy from the miues where beri-beri may be 
epidemic or endemic. The feces and urine are mixed with water, exposed 
to the atmosphere, undergo decomposition, are thinned by a further adtlition 
of water and then sprinkled over the young growing vegetables. 

50.S. Itseemed possible in view of thegastric and duodenal inHammation 
to be observed in all acute-pernicious and fatal acute cases of beri-beri 
that this mixture contained either a germ or its toxin whicli, being deposited 
on the vegetables and ingested with them, caused beri-beri. 

509. To determine this point lour litres of the mixture were collected 
from gardeners in the neighbourhood of the Pudoh and Ampang mines near 
Kwala Lumpor (Map E. 3), thinned with sterilised distilled water and then 
riltered through a Pasteuk-Chambkui.and porous candle into sterilised Hasks. 

510. The product, a brownish evil-smelling tluid was mixed in small 
quantities with mashed bauana and fed to three monkeys. The mixture was 
reiused at rirst and the animals had to be torcibly fed. But by diminishing 
the quantity to a few c.c and starving the monkeys for several days they 
were induced to take the mixture for a period of eighteen days. Two 
ntonkeys mgested over a litre each of the concoction without then or 
subsequently showing signs of disease. They grew thin and their coats 
rougbened, but beyond this nothing was noticeable. At the end of eigbteen 
days the monkeys were killed. No congestion of the intestinai mucosa was 
td be observed and the vagal cardiac and other neurones were normal. 

511. The Chinese prefer their vegetables parboiled. The usual method 
is to half boil them with oil in shallow iron pans over a hot wood fire. 

512. The satad vegetables are hrst washed in water and then a large 
mass is thrown into a pan, coconut or fat trying is then poured in and the 
whole turned over and over for about half-an-hour. 



51 3. It wottld be possible for a specinc organism to escape desti 
igetables boiled in t' ' 



514. Y/egetables washed and boiled for half-an-hour in the laboratory 
proved to be sterile, however. This is the method in vogue in the large 
public institution in the Peninsula such as the Kwala Lumpor gaol, where 
beri-beri is endemic. It appears probable, therefore, that a specihc organism 
and its toxin woukl be destroyed in the course of cooking in these institutions. 






( «4 ) 

515- This was confirmed by a later observation in the above-mentioned 
gaol. For in an eleven months' observation during which the vegetables fed 
to the prisoners were thoroughly boiled and proved to be sterile, 90 cases 
of beri-beri nevertheless originated in a daily average of 221*64 prisoners. 

516. The excreta undergoes a fermentation before it is spread, and it is 
of course possible that a speciric organism that left the body in the faeces 
might be destroyed by the subsequent Jermentation. 
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Observatlon No. 6. 

517. Twenty four-ounce bottles full of six different rices, all varieties, 
in fact, used by the various races in the Malay Peninsula, were collected 
from native dealers in the open markets of Kwala Lumpor. The bottles 
were carefully sterilised before use. 

518. Seyeral samples of these rices were also collected from the various 
mining camps in different parts of the Peninsula where beri-beri is common. 

Dkscription of Ricks. 

519. liice A. — This rice is known as Bengal or Negapatam rice because 
it is prepared in India, largely in Negapatam. In the Peninsula it is used 
by the better class of Tamils and Singhalese. 

520. It is prepared as follows : — The padi is soaked in its husk for 
from 10 to 12 hours. It is then boiled for from \ to \ of an hour, dried in 
the shade for one day and again in the clear hot sun for a full day. Wlien 
thoroughly dry the husk of the padi is removed. 

521. The product is light brown, semi-translucent, firm, sweet-smelling 
long oval grained rice. It is packed in gunny sacks and used when 
required. 



522. Rice B. — Known as Kedah or Penang rice. This rice is grown 
chierly in the Siamese State of Kedah or the Krian district of Perak. But 
any Peninsula grown rice may be used in its preparation. Properly prepared, 
it should, in the rinished product, resemble rice A. But it is carelessly 
prepared and, in the opinion of Mr. T. H. Hill, Protector of Labour, unfit 
for food. There follows an extract from Mr. Hill's report to the Govern- 
ment on this question. 

523. " My attention was first called to this rice in Seremban by some 
Tamil labourers (who complained of its bad smell when cooked) early in 
July (1901). I inspected the shops in Seremban and found a fair amount in 
stock. The greater number of the Indian immigrants feed on this rice when 
they can get it ; a smaller number on a better quality imported from India 
(rice A.). In travelling subsequently I have made a practice to always inspect 
the rice being used by Indian immigrants. The Penang rice is most largely 
used. The longer Penang rice is kept in stock the more it grows rank and 
evil smelling. Whether it is injurious to health or not I cannot say, but it 
appears to me to be the probable cause of the very large number of cases of 
diarrhcea and dysentery amongst Indian immigrants. 



preparatto 
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525. "When the paddy is brought to the mill it is steeped in large vatB 
made of cement for various periods — according to the age of the paddy and 
the ideas of the mill-owner — ranging from 36 hours to 72 hours. Some 
fermentation sets up in it and the desirabilily of frei|uent clutnges ol water 
is euidenced by the smell. It is probable that the mill-owners, if they have 
to pay for the water used, change it as seldom as possible. 

526. " ,After the steeping is completed the paddy is put into drums and 
subjected to the action of steam as they revolve. 

527. " After it has been suniciently steamed, it is placed on large bar- 
becues and dried so that the husk is easily removed. lf thc weather is wet, 
the drying is indifferent. The rice is then hulled and pnt in hags and is ready 
for sale. It will be seen that the less the rice is dried the greater will be its 
weight, and, therefore, the more the money it will tetch. In my opioion, the 
bulk of the rice is never properly dried to the centre of the grain ; and to tliis 
is due the secondary fermentation whicli gives tlie rico sucli a bad smell anii 
renders it injurious to the consumer. The mill-uwners in Penang made • ••• 
secret that the rice does not keep sweet. They all admitted that ' the demand 
was for a cheap rice, and that alone they aimed to produce.' " 

528. The Tamil labourers all prefer IikIi.ui i 
never get it. 

529. I would speoially direct attention to rice 1>. Bkaddon insists 
that Tamils residing in this Peninsula escape beri-beri because they use 
the Indian and Penang rice, and that Chinese contract it because thev use 



, but they seldom ■ 



530. AU tlie samples of this t 
smellirig, the grains soft, cloudy and e 



have beeti : 



531. Rkt C. — Siamese or Bangkok 
known in Europe and America. It is a 1 
rice. This rice is not parboiled 
dried in the husk, threshed 



. This rice is the table ric 

■, hard, white-grained. dustle; 

the husk as rices A. and B., hut \s sm 

In the Malay Peninsula this 



used almost wholly by Europeans, well-to-do Eurasians, Chinese and M;d;t\s. 
It is aJso used io the gaols and other Government Institutions. 



532. Rice D. — Rangoon rice. This is au inferior rice also itnpurted 
from Burmah. It is a dusty, broken-grained rice, of a dirty-grey colour. 
It is prepared as rice C, but is largely tlie refuse of the mills. It is \S8aA 
extensively by the poorer Chinese miuing coolies. 



Rict E.— Puloat 1 
, used with sugar 1 



ihc i,ut 
n boileil 
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coalesces into a soft mush-like mass. It is used in the preparation of cakes 
by the Malays, Tamils, Chinese and Straits-born Portuguese. It is an 
opaque, soft, clear, whole-grained rice. 



534. Rice F. — This rice represents the chips and debris of rice C. It 
is composed of broken grains, and small fragments, but is dustless, clean 
looking and greyish-white in colour. Congee or porridge is made from it, 
which is a favourite morning dish with the Chinese. There is distilled from 
it a spirit known as sam chu, used by some Chinese. Cattle are also fed with 
this rice. 



535. Rice G. — ls the best quality of Rangoon or Burmah rice. lt is 
practically the same as rice C. 

ExAMINATIONS. 

536. Samples of these rices were pulverised in a sterilised mortar 
containing a small amount of sterilised water and examii?ed microscopically 
both before and after staining. 

(a.) In the unstained specimens I determined no bacilli of any kind 
in any of the rices. But in all of them rounded, highly refractile spores of 
two different sizes. On cultivation these proved to be the spores of 
B. subtilis and the mould Asperg. niger. 

537. Sterilised Petri dishes were partly rilled with each of these rices, 
sprinkled with a little sterilised water placed on sterilised glass plates and 
covered quickly with sterilised bell jars. The object was to determine the 
moulds that might develope. All the rices developed Aspergillus niger. 
Rice B. produced the most abundant growth. 

538. Sterilised test tubes containing a small quantity of water were 
half nTled with each of these rices, shaken up, plugged and left at room 
temperature for twenty-four hours. 

(a) Unstained nlrns showed large sprouting spores and bacilli resem- 
bling *B. subtilis. 

(b) Stained iilms stained by carbo-mchsin and other dyes showed 
B. subtilis in abundance. 

539. Culture in peptone bouillon, agar agar, coconut milk and rice 
broth were made from all these rices, and subcultures 011 agar agar plates. 
All bouillon inoculated from these rices developed within 24 hours the 
characteristic films of B. subtilis. 
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540. The growths on agar were also characteristic of B. subtilis. 
These were conrirmed by various staining methods. 

541. It would seem that there is no difference in the kind of 
organisms that affect these various rices and that the preliminary preparation 
of rice A. and B. does not even rid it of the-B. subtilis. 
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Observation No. 7. 

542. I am indebted to Dr. Dunker, former Curator of the Selangor 
Museum, for the following list of nsh found in the waters of British 
Malaya :— 

Sauamipinnes. 

1. Drepane punctata Gmel. 

Polynemidcc. 

2. Polynemus indicus Shaw. 

3. Polynemus tetradactylus Shaw. 

" Carangidce." 

4. Caranx rottleri Bl. 

5. Caranx kalla C. V. 

6. Caranx kurra C. V. 

7. Chorinemus lysan Forsk. 



8. 

9- 
10. 

11. 



Scomhridce. 



Cybium kuhlii C. V. 
Cybium guttatum Bl. Schn. 
Thynnus tonggol Bleek. 
**. Elacate nigra Bl. 

12. Clarias magur H. B. 

13. Plotosus canius H. B. 

14. Macrones tengara H. B. 

15. Macrones nemurus C. V. 

16. Macrones nigriceps C. V. 

17. Arius sagor H. B. 

CypYyinidce. 

18. Barbus hampal C. V. 

Scopelidce. 

19. Saurida grandisquamis Giinth. 

Clupeidce. 

20. Engraulis taty C. V. 

21. Engraulis breviceps Cant. 

22. Pellona Sladeni Day. 
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Labyrinthici. 

23. Anabas scandens Day. 

24. Osphromenus olfax Hardw. 

25. Osphromenus siamensis Gtinth. 

Opkiocephalida . 

26. Ophiocephalus striatus Bl. 

27. Ophiocephalus gachua H. B. 

28. Ophiocephalus siamensis Giinth. 

Mugilida. 

29. Mugil Speigleri Bleek. 

30. Mugil Kelaartii Giinth. 

Pleuronectida. 

31. Cynoglossus elongatus Giinth. 

32. Dussumiera acuta C. V. 

Chirocentrida. 

33. Chirocentrus dorab Forsk. 

Scombresocida. 

34. Belone strongylura Hasselt. 

Symbranchida. 

35. Amphipnous cuchia H. B. 

543. All these fish are to be found either fresh or dried in such central 
markets as the Kwala Lumpor. The curing is done in the various rishing 
villages along the coasts. The method is the same in all. The larger rish 
are evicerated, parboiled in brine for about ten minutes, then dried in the sun 
on gridirons of bamboo. The curing is not perfect in all cases and it is not 
unusual to see fish in an advanced state of decomposition. But such fish is 
not, of course, ever used in Government Institutions. It would not be 
tolerated either in the mines where the dieting is done on contract. The 
Chinese coolie is particular about his food, and it is to the interest of the 
contractors that his coolies be well fed. 

544. Tamil coolies on the other hand who rarely contract beri-beri and 
are not so particular about their food and eat any and all of the above fish, 
are not baulked if slight decomposition has set in. 

545. I have mentioned in paras. 212-3 that beri-beri is not to be found in 
the nshing villages. In fact, closest inquiry excludes fish in any shape or 
form as a factor in the causation of beri-beri, Gelpke, Grimm and Miura to 
the contrary notwithstanding. 
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Observation No. 8. 

546. There are no abnormalities in the cellular contents of the blood of 
beri-berics that indicate the disease to be one of either simple or pernicious 
anaemia. 

547. Table No. 35 contains an estimate of the haemoglobin and cellular 
•elements of 26 cases of beri-beri. 



8 

10 

8 



of the acute-pernicious type. 
of the acute or sub-acute type. 
in the stage of residual paralysis. 



Table No. 35. 
Blood Count in 26 Cases of Beri-Beti. 



No. 


Age. 


Sex. 


Stage of 


Type of disease. 


Per 

cent. 

Haemo- 

globin. 


Red Cells. 


White 


Remarks. 








Disease. 






Cells. 




I 


18 


M 


1 week i Acute pernicious 


92 


5,430,000 


7,600 


Fatal. 


2 


18 


M 


2 „ 


, , . > 


87 


5,100,000 


7.300 


, , 


3 


22 


M 


4 months Acute 


89 


5,360,000 


6,980 


Kecovered. 


4 


23 


M 


2 ,. 


. . 


93 


6,120,000 


7.500 


, , 


5 


28 


M 


2 weeks 


Acute pernicious 


98 


6,103^000 


7.300 


Fatal. 


6 


26 


M 


i2months 


Beri-beric resi- 
clual paralysis 


81 


4,960,000 


6,800 


Paralysis 
persistent. 


7 


3° 


M 


3 weeks 


Acute pernicious 


76 


4,676,000 


7,100 


Fatal 


8 


33 


M 


1 j Acute 


83 


5,020,000 


7.450 


Recovered. 


9 


34 


M 


2 ,, i Acute 


95 


5,418,000 


7»4°° 


, , 


10 


34 


M 


2 ,, j Acute pernicious 


86 


4,962,000 


7,100 


Fatal. 


11 


35 


M 


7 ,, ! Acute 


88 


5,130,000 


7,600 


Recovered. 


12 


35 


M 


3 ,, Beri-beric resi- 


9i 


5,280,000 


7,200 


Paralvsis 










dual paralysis 








persistent. 


13 


35 


M 


8 months 


. > 


93 


5,176,000 


6,980 


Paralysis 
persistent. 


14 


36 


M 


6 years 


1 > 


87 


4,896,000 


6,900 


, 1 


15 


36 


, M 


i2months 


. ■ 


92 


4,970,000 


6,720 


, > 


16 


38 


M 


10 „ 


, • 


92 


5,670,000 


7,600 


, > 


17 


39 


M 


4 weeks 


Acute pernicious 


83 


4,820,000 


7,060 


Fatal. 


18 


' 34 


M 


3 .. 


Acute 


89 


4,860,000 

1 


6,820 


Paralysis 
persistent. 


19 


; 35 


M 


1 ., 


Acute pernicious 


93 


5,570,000 


7,200 


Fatal. 


20 


36 


M 

t 
1 


1 J months 

l 


Beri-beric resi- 
dual paralysis 


81 


4,770,000 


7,100 


Paralysis 
persistent. 


21 


36 


1 M 


: 9 .. 


,, 


86 


4,900,000 


6,900 


>, 


22 


42 


M 


2 weeks 


Acute pernicious 


92 


5,600,000 


6,850 


Fatal. 


23 


48 


! M 


3 ,. 


Acute 


89 


5,000,000 


7,200 


Recovered. 


24 


i 48 


| M 


! 2 „ 


• . 


88 


4,600,000 


6,900 


, , 


25 


! 5I 


1 M 

1 


2 ,, 


. . 


86 


4,780,000 


7,000 


Paralysis 




1 
1 


! 


1 








persistent. 


26 


i s6 


M 


4 ., .. 


89 


5,280,000 


7,080 


Recovered . 
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